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(Apraclonidine Hydrochloride) 1% as Base REEL i 
New Generation drug controls —— ^'^ 
post-laser IOP spikes 
n— HEINE First drug in new class of Ocular | 


Surgical Agents 

= Clonidine-derived alpha adrenerg.’ 
agonist 

= Controls or prevents acute postop 
spikes (during first three critical ho: 
following argon laser trabeculoplas 
and iridotomy 


Many glaucoma patients at risk 

a Some degree of IOP elevation occu 
over 5096 of laser-treated patients 

= [OP spikes > 10 mmHg occur in 20 
more of laser treated eyes 

= Susceptible patients have experien, 
IOP spikes, visual field damage and 

. vision loss 
= Existing drugs do not consistently pr 

vent or reduce IOP spikes 


IOPIDINE resolves the problem 

= Demonstrated significant IOP sup- 
pressing ability in double-masked, cor 
trolled clinical studies™ '® 2 

m Only two drops needed j 

8 Well tolerated with minimal side 
effects ^? 
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SCRIPTION: IOPIDINE ™ Ophthalmic Solution contains apraclonidine 

n alpha adrenergic agonist, in a sterile isotonic solution for 

n to the eye: ‘Apracionidine hydrochloride is a white to off-white 
ghly soluble in water. Its chemical name is 2-[(4-amino-2.6 
minolimidazolidine: monohydrochloride with an empirical 
mete and a molecular weight of 281.6. The chemical structure 


PTS Each mL of IOPIDINE Ophthalmic Solution contains: Active —Apracionidine 
hydrochloride 11.5 mg equivalent to apraclonidine base 10 mg; Preservative — 
Benzalkonium chloride 0.01%, Inactive~ Sodium chloride, sodium acetate, 
sodium hydroxide andor hydrochloric acid (pH 4.4-7.8) and purified water. 
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CLINICAL HARMACOLOGY E 
a relatively selective; alpha TE agonist and does not 
mbrane e stabilizing (local anesthetic) activity. When instilled 
INE (apraclonidine hydrochloride) Ophthalmic Solution has 
ucing intraocular pressure. Ophthalmic apracionidine has 
al eHect on cardiovascular parameters. 


Optic nerve head damage and visual field loss may result from an acute 
el in intraocular pressure that can occur after argon laser surgical 
; Elevated intraocular pressure, whether acute or chronic in duration, 

factor in the pathogenesis of visual field joss. The higher the peak 
raocular pressure, the greater the likelihood of visual field loss and 
damage especially in patients with previously compromised optic 
n onset of action with IOPIDINE Ophthalmic Solution can usually be 
hin one hour and the maximum intraocular pressure reduction usually 
oy ree to five hours after application of a single dose. The precise 
Et mechanism. of the ocular hypotensive action of TOPIDINE Ophthalmic Sdlution is 

ROL completely established at this time. Aqueous fiuorophotometry studies in 
<s Man suggest that its predominant action may be related to a reduction of 
aqueous formation. 

- - Controlled clinical studies of patients NEU argon laser trabeculoplasty or 
argon laser iridotomy showed that IOPIDINE Ophthalmic Solution controlled or 
prevented the postsurgical intraocular pressure rise typically observed in 

X patients after undergoing those procedures. After surgery, the mean intraocular 

essure was 1.9 to 4.0 mmHg below the corresponding presurgical baseline 
sure before IOPIDINE ™ Ophthalmic Solution treatment. With placebo 
„postsurgical pressures were 2.5 to 8.4 mmHg higher than their 
nding oresurgical baselines. Overall, only 2% of patients treated with 
IOPIDINE Ophthalmic Solution had severe intraocular pressure elevations (spike 
10 mmHg) during the first three hours after laser surgery, whereas 21% of 
placebo-treated patients responded with severe pressure spikes (Table 1). Of 
the patients that experienced a pressure spike after surgery, the peak intraocular 
essure was above 30 mmHg in most patients (Table d and was above 50 
:.fmHg in seven. placebo-treated patients and one IOPIDINE Ophthalmic 
: Solution-treated patient. 

























Table 1 
incidence of Intraocular Pressure Spikes 2 10 mmHg 
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ent postsurgical elevations in intraocular pressure that occur in 
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vity to any component of this medication or to clonidine. 


DINE Ophthalmic Solution i is a potent depressor of intraocular 
ure, patients who develop cae reductions in intraocular pressure 
ld be Cost monitored. 
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Although the acute administration of two drops of IOPIDINE ne Viol id 
Solution has minimal effect on heart rate or blood pressure in clinical studies 
evaluating patients undergoing anterior segment laser surgery, the preclinical 
pharmacologic profile of this drug suggests that caution should be observed in. 
treating patients with severe cardiovascular disease including hypertension... 


The possibility of a vasovagal attack gall d during laser surgery should be. a 
considered and caution used in patients with history of such episodes. - 
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month resulted in sporadic and transient instances of minimal corns 
cloudiness in the 1.5% group only. No histopathological chang 
those eyes. No adverse ocular effects were observed in cynorr ioi 
treated with two drops of 1.5% iOPIDINE Ophthalmic Solution a 14 
times daily for three months. No corneal changes were Sbserved m in 
given at least one dose of 1.0% IOPIDINE Ophthalmic Solution. 


Drug interactions 
interactions with other agents have not been investigated. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
In a variety of in vitro cell assays, apracionidine was nonmutagenic, Stud 
addressing carcinogenesis and the impairment of fertility have not been ` 
conducted. 

Pregnancy Category C 

There are no adequate and weil controlled studies of IOPIDINE Ophthalmic 
Solution in pregnant women. Animal reproduction studies have not been 
conducted with apracionidine hydrochloride. This medicat 
pregnancy only if the potential benefit to li: h 

to the fetus. 
Nursing Mothers 
itis not known if topically applied IOPIDINE Op htt lution is ext 
in human milk. À decision should be considered to discontinue nursing 
temporarily for the one day on which IOPIDINE Ophthalmic Solution | is use 
Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
The following adverse events were reported in association with the use: of. " 
IOPIDINE Ophthalmic Solution in laser surgery: upper lid elevation (t 3%) l 
conjunctival blanching (0.495) and mydriasis (0.4%). 


The following adverse events were observed in investigational studies do 
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GASTROINTESTINAL: Abdominal pain, diarrhea, stomach: discomfort; sine 
roe EN Bradycardia, vasovagal attack, palpitations, orthostati 


CENTRAL NERVOUS SYSTEM: Insomnia, dream disturbances, irritability 
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head cold sensation, chest heaviness or burning, clammy or sweaty ded 
body heat sensation, shortness of breath, increased pharyngeal secretion, - 
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ranged from 3-8 biis in mice and 38-107 mg/kg in rats. The intravenous LDss - 
of the drug ranged from 6-9 mg/kg in mice and 9-21 mg/kg in rats. LDss values 

in these ranges are indicative of a drug with a high degree of toxicity. — 


DOSAGE AND ADMINISTRATION 

One drop of IOPIDINE Ophthalmic Solution should be instilled in the scheduled 
operative eye one hour before initiating anterior segment laser surgery and a 
second drop should be instilled to the same eye immediately upon completion of 
the laser surgical procedure. 


HOW SUPPLIED 

IOPIDINE (apracionidine hydrochlonde) Ophthalmic Solution 1% as base is a 
sterile, isotonic, aqueous solution containing apracionidine hydrochloride. 
Supplied as follows: 0.25 mL in plastic ophthaimic dispensers, packaged two 
per pouch. These dispensers are enclosed in a foil overwrap as an added barrier 
to evaporation. 
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Store at room temperature. Protect from fight. 
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the first to receive wide- 
un e OF è spread acceptance. Shortly 


Some 20 years ago, physicians across the globe 
started doing procedures which had been impos- 
sible only months earlier. 

[ aser eye surgery. 


It took an innovative and dedicated company, 


best known at the time for industrial lasers, to 
develop an ophthalmic laser suitable for everyday 
use by surgeons. It took Coherent Medical. 


Our Model 800 was the first photocoagulator 


designed specifically for ophthalmology. And 


thereafter, the Model 800 
became the standard for all clinical photo- 
coagulators. 

A new generation oflasers has made Coherent 
Medical the world’s most widely accepted name 
in medical lasers. These now make up over 6096 of 
the ophthalmic lasers currently in use. More thap~s 
6000 have been installed in offices, surgicenters 
and hospitals like yours. 

They prove their accuracy and reliability 
4,000,000 times each and every day. 
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[s this response to 
Coherent lasers any sur- 
prise? Patients of every 
nationality 
have found 
new hope 
for sight. 
And physi- 
cians have 
founda 

type of 
invest- 
ment 


7931 compact laser 
system: instantaneous 
switching between 
full-featured 7901 
Nd:YAG and 930 
photocoagulator. 






whose value will continue to grow. 

For details on our complete photocoagulator 
and NdYAG line, call (800) 635-1313, (800) 423-9543 
in CA. Or write: Coherent, 3270 W. Bayshore Road, 
Palo Alto, CA 94303. 


€3 COHERENT. 


Lasers Advancing Surgery 
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designed for use with viscoelastics, 
miotics, fluid and air. Special rounded 
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tip allows easier and safer insertion through Ri 
wound. Available in 30g, 27g, 25g, and 21g. The r ROSU 
NEW VISCOFLOW™ (5007) spećially formed design MIC 


permits easier placement of viscous material to all areas uice. e ME P Y m. UE 
of the anterior chamber and capsular bag. VISITEC - for all the right reasons: 


* Plastic luer lock hubs provide a better 


VISI E - ; S O N HINU c» i o J FFER AC Y STOTOME TO fit, eliminating leakage. 

FIT ALMOST EVERY CAPSULOTOMY TECHNIQ UE, straight or * Products always clean, sterile, sharp 
formed, irrigating or non-irrigating, first from VISITEC.® The NEW 5004, and ready to use, reducing possible 
designed for use on deep set eyes and small pupils, infections. No damaged instruments 
also excellent for endocapsular surgery. caused by improper cleaning. 

THE VISITEC* RETROBULBAR NEEDLES have point and needle EIUS M ECN package. 


* Control costs by eliminating costly 


encased in a protective plastic sheath. The shortened single bevel of 


f i videns ilizati ling. 
the "Atkinson" point decreases the possibility of retrobulbar hemorrhage ws eosin NM Tn 9 d ae AT S 
and optic nerve sheath penetration. The NEW 5001 Peribulbar Needle WRIT. E OR CALL FOR A COMPLETE 
is developed for periocular injections. CATALOG AND PRICE LIST 


VISITEC COMPANY 
2219 Whitfield Park Drive, Sarasota, FL 34243 - 813-758-1428 
800-237-2174 - 800-543-2127 (In Florida) * Telex 5106000179 - FAX 813-753-7473 


tructions for Authors 


ease read these instructions carefully—technical deficien- 
ust be corrected before manuscripts can be reviewed. 
| manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
Illinois Eye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
312) 996-2327. Manuscripts are received with the under- 
ding that they have not previously been published anywhere in 
language and are not under simultaneous consideration by 
nother publication. A complete manuscript submitted following 
; presentation or publication of preliminary findings elsewhere (eg, 
án an abstract) can be considered. Include copies of possibly 
; duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial 
“publication, certain articles will appear in translation in the 
. Chinese-language edition. 
The text should, in general, not exceed 14 double-spaced type- 
a fen pages. 
Transmittal letters to the editor must contain the following language: 
*In consideration of the American Medical Association's taking action 
Jin reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA." This 
„statement must be signed by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
< foregoing language signed by all authors of the submission will 
` necessitate delay in the review of the manuscript. 
In ease the work was done by a federal employee, each author 
must include a signed statement that the work reported was done 
"while he or she was employed by the federal government. 
uthor Responsibility. —All accepted manuscripts are subject to 
ing. The corresponding author will receive an edited 
ipt rather than galley proofs for approval. The author is 
le for: all statements in his work, including changes made 
copy editor. Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
. not ordinarily list more than six authors. If more than six authors 
are listed, a detailed written description of each person's personal 
contributions should be submitted with the manuscript. Such 
contributions must be substantial. 
Manuscript Preparation. —Submit an original typescript and two 
. high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-cm (8% X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
d processor i is used, do not justify the right margin. 
es.— Titles should be short, specific, and clear and typed on a 
age. They should not exceed 42 characters per line, 
ng punctuation and spaces, and be limited to two lines, if 
The title page should inelude the first name, middle 
and last name of all authors with their highest academic 
à and professional affiliation of all authors and city location. 
It. should also include the address (if different from the senior 
^ author's) to which requests for reprints should be sent. 
~ Informed Consent.— Manuscripts reporting the results of experi- 
-. mental investigations of human subjects must include a statement 
to the effect that legal requirements governing consent were 


Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietary Statement.—If the article discusses in any way a 

quipment, an instrument, or a drug, the author(s) must 

footnote whether they do or do not have any commercial 

etary interest in the produet or company. Likewise, they 

al whether they have any financial interest as a 

reviewer, or evaluator. In addition, authors must 

financial interest owned by a spouse, minor child, 
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blood relative living in the same household, or known to be 
the author's employer, partner, or business associate. 
Abstract.—Provide an abstract (135-word nana | 
article, including statements of the problem, method [o 
results, and conclusions. The abstract should be spec: 
sufficiently complete to allow the reader a quick evaluation of 
paper. Do not include a "summary" section in the main. ] 
script. < 
References. —List references in consecutive numerical order (no: 
alphabetically). Once a reference is cited, all subsequent citatio 
should be to the original number. All references must be cite 
the text or tables. Unpublished data and personal communieatio 
should not be listed as references but parenthetically within. t 
text. References to journal articles should include (1) author(s) (i 
more than six, write “et al" after the third name), (2) title, ( 3 
journal name (as abbreviated in Index Medicus), (4) year, : 
volume number, and (6) inclusive page numbers, in that ord 
References to books should inelude (1) author(s), (2) chapter ti 
(if any), (3) editors (if any), (4) title of book, (5) city of publication 
(6) publisher, (7) year, and (8) page, if indicated. l 
SI Units.—Use Système International (SI) measurem nt: 
throughout the manuscript. (Exceptions are visual acuity: me 
surements and intraocular pressure recordings.) jug 
Illustrations.— Use only those illustrations that clarify and. 
ment the text. More than ten total illustrations per manuserip 
would have to be justified. Submit illustrations (6X7 in) 
triplicate, unmounted and untrimmed. Do not send origi 
artwork. Send high-contrast glossy prints. Figure number, na 
of senior author, and arrow indicating “top” should be typed 
gummed label and affixed to the back of each illustration 
Illustrations submitted for publication may be relette 
achieve uniformity of lettering style throughout the: ‘jou 
Magnification and stain should be provided when pertinen 
Illustrations in full color are accepted for publication. i 
editors believe that color will add significantly to the publia! 


PLEASE Note: Most COMMON ERRORS TO AVOID ` | 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE Error 
(SECRETARY'S CHECKLIST) 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract 
references, legends, and tables). E 

(3) References not in proper format, not in numeric 
order, or not cited in text. 

(4) Use of 1'4-spacing rather than doses 
not justify right margins. : 

(5) Failure to send three sets of illustrations/ph 
graphs or original color slides plus two sets of 
prints. J 

(6) Title too long. ü : 

(7) Failure to label abstract or to provide abstract (nof 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. m 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

— (10) Failure to include all authors’ personal signat 
on copyright transmittal form (see paragraph: 

— (11) Failure to designate the corresponding author. a 
provide phone number and address. 

— (12) Failure to include consent forms for illustrat 
previously published elsewhere. Failure to indie: 
willingness to pay for author's share of color illas 
trations. 
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jünuseript. Please submit à one get ot positive transparencies (35 
nm slides) and two sets of color prints. The ARCHIVES will pay 
: part of the expense of reproduction and printing color illustra- 
‘tions, the remainder to be borne by the author. Submit a state- 
ment indieating author's willingness to accept this cost. After 
‘deducting the ARCHIVES’ contribution, the author's share is $400 
‘for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

. Legends.— Legends must be typed double- -spaced, beginning on a 
eparate sheet of paper. Length should be limited to a maximum 
40 words and should allow the illustration to be fully under- 
tandable without recourse to the text. Use arrows, letters, ete, for 
nhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
e taken and published only if specifieally consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
gally appointed guardian. Submit consent forms with the manu- 


^ Acknowledgments.—Illustrations from other publications are 
rarely published but if used must be acknowledged. Inelude the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher's permission to reprint must aecompany the manu- 
script. 

=: Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 

< Tables.— Each table should be typed double-spaced, including all 
adings, on a separate sheet of 21.6 X 27.9-em (812 x 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 


inoculation with bacilli of low virulence.. 


been allergic. 


Edited by Jean Schaffner, Editorial Assistant 


The more you have, the more you need 





second sheet and repeat all heads and stu s. Each table must n E 
a title. E | 


Photo Essay. -Munusen dia for this s seston should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. The 
photo essay should not necessarily result in brief clinicopathologic 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory story which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general "Instructions for Authors" for other requirements. 

Correspondence and Case Reports.— Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- , 
tions for Authors” for additional requirements. 


Reprints.— Reprints can be ordered at the time the typescript is 


returned after editorial processing. 


AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


In a most thorough study of the pathogenesis of human tuberculosis, Rich 
and MeCordock'* made the following statement: 


We have ample evidence that allergy, as tested by the skin reaction to tuberculin, may 
diminish during active infection to the point that relatively enormous doses of tuberculin 
fail to produce any more reaction than in normals, and Baldwin, Krause, Willis, Calmette 
and others have observed marked waning of allergy in animals made resistant by 
.. Whether allergy, once established, is ever 
completely lost we cannot say. It is said bos some that if large enough doses of tuberculin 
are given, some sort of allergie response can be obtained in every individual who has once 


This must be mentioned because in several of the cases of tuberculous disease 
reported herewith, the patients required a much larger dose of tuberculin to 
produce an allergic reaction than is necessary in the majority of instances, 





SOURCE: Gay LN. The treatment of ocular tuberculosis with tuberculin. Arch. 


Ophthalmol. 1930;3:263. 
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For use in the treatment of keratitis sicca by reversible occlusion of the punctum and canaliculus. 


SMALL SIZE #0004 
1.6mm Length 
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COLLAGEN 


Temporary Intracanalicular Collagen Implant 
For diagnosis of certain ocular disorders and to 
temporarily enhance 

^. 4 ,. effect of ocular 
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MOIST EYE" 


Moisture Panels 


used to convert eye wear into 
moisture chambers. 


EV" LID-CLEANSER. 


EXTRA GENTLE 
EYELID CLEANSER 


For the hygienic care of 
Blepharitis and for use 
whenever daily eyelid 
hygiene is indicated... 
...non-irritating 
...hypo-allergenic 
pH adjusted 
—«contains no perfumes 
or dyes 
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| The first new approved 
:, method for clinical 

{assessment of lacrimal 
“| gland function. Simple 








6263 POPLAR AVE., SUITE 650, MEMPHIS, TN 38119 
(800) 222-7584 © (904) 682-9400 * FAX (904) 761-5736 


MEDIUM SIZE #0003 
2.0mm Length 


STANDARD SIZE #0001 
2.8mm Length 





Introduction of punctum 
plug held in place by 
inserter end of dilator/inserter instrument. 
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Lactoferrin Immunological Test System 


Use when Schirmer values 
are questionable. 


and quick in-office 
procedure. 











MEDICOOL 


medication protection 
system — keeps eye drops and 


other heat sensitive medication 
below 70? for over 8 hours... 
..fits in purse or briefcase 
..includes 2 freezable 
coolers 
..Sturdy carrying case 
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Youve invested years of 

hard work and thousands 

_ of dollars to reach this point in 

. your professional growth. Per- 

haps now you are considering tak- 

ing an associate, purchasing new or 

additional instrumentation, or even dispens- 

_ ing your own prescriptions. At Benson, we under- 
_ Stand what a major undertaking these can be, and 

we're here to help. 


— Over 75 Years of Quality, Service and 

— Benson has helped many doctors make these 
. changes. We have full-service laboratories, stra- 
tegically located equipment centers, a variety of 
complete instrument lines, a wide selection of 
„quality lens and frame products featuring both 
exclusive and popular domestic frame lines, and 
theexpertise to fill simple as well as the most dif- 
— ficult Rx's. We also have a variety of ways to help 
-.. you dispense your own prescriptions, ranging from 
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Benson On- 
Sight® opti- 
cal dispens- 
ing to manage- 
ment contracts 
that will give your 
patients quality, ex- 
perienced opticianry 
right in your own office. Benson's highly 
skilled personnel will answer your questions, 
talk your language and provide professional 
solutions to your needs. We can provide office 
planning and management consultation services. 
What's more, Benson offers multiple finance plans 
to help make your transition an easy one. 


One Phone Call Answers All Your Pro- 
fessional Needs 


Call Benson today. We're professionals working 
with professionals. People who understand how 
important your future is to our future. And we're 
here to help you build a bright one. 
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- backed by more than 50 years 
of excellence in ophthalmology. 


IMAGEnet, from Topcon, is an excep- 
tionally accurate and versatile com- 
puterized imaging system. Its instant 
angiography programming allows you to 
examine and treat patients in a single 
office visit. Not only can you instantly 
review angiograms on its high-resolution 
monitor, you can also enhance and 
manipulate them to provide expanded 
diagnostic information. 

You'll further benefit from the speed 
and convenience of having all your 
images stored in memory and immedi- 
ately accessible. IMAGEnet is easily 
interfaced with your present fundus 
camera and other ophthalmic instru- 
ments. And, because it was designed 
with the future in mind, it offers you 
unlimited system expansion possibilities. 

Call or write for our free brochure 
outlining the remarkable capabilities 
of IMAGEnet...the imaging system 
destined to revolutionize ophthalmology 
as we know it today. 


IMAGE net. 


Digital Imaging System 
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~ TOPCON 


Technology from within 
producing 
excellence throughout. 


Topcon Instrument Corporation of America, 
65 West Century Road, Paramus, NJ 07652 
(201) 261-9450 

Western Regional Office: 

325 N. Wiget Lane, Walnut Creek, CA 94598 
(415) 947-4800 
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ANSWER TOA THOUSAND QUESTIONS. 


You've already answered one of life's toughest questions by choosing to pursue a career in ophthal- 
mology. But the choices you make in the next few years will have a lifelong influence on your practice. 


. . Thats why Allergan created Future Focus—to help you answer the crucial questions. Future Focus 
-is a 1-day workshop available at no charge to residents, fellows and those new to practice. Spouses 

. . are encouraged to attend. Future Focus seminars feature in-depth discussions of career options and 

—. business topics essential to successful career management. 


For more details or registration information about no-cost Future Focus workshops in your area, 


contact your Allergan Pharmaceuticals sales representative or FUTURE FOCUS, 2525 Dupont Drive, 


Irvine, CA 92715-1599. (800) 877-6240. m o" I [ = 
Future Focus—because to get the right = F | 
answers, you have to ask the right questions. 7*0 
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Correspondence 


Release of Scientific Information to the News Media 


To the Editor. —The editorial by Fishman, in the ARCHIVES! 
in which he pontificates on the wisdom of "releasing 
research information" to the press for public consumption 
before its appearance in peer-reviewed journals was right 
on target in most respects. Indeed, publicity about any 
accomplishment (even pronouncements on ethical and so- 
cial responsibility) can be self-serving at a very basic level. 
And yes, research scientists and the practicing medical 
community should not create premature therapeutic sce- 
narios that might lead to false hopes in those persons 
tragically afflicted with a disease even remotely related to 
the medical and/or scientific news release in question. 

However, in his pointed allegation that the researchers 
he cited, and who had been involved in the retinal pigment 
epithelial cell transplantation in the Royal College of 
Surgeons (RCS) rat, had abrogated their "social responsi- 
bilities" by being the subject, along with their work, of an 
article in the New York Times, Fishman has departed 
from some substantial fact-finding in his reportage. 

Had Fishman been thorough in his own research in this 
instance he would have known that James E. Turner, PhD, 
of Wake Forest Universitys Bowman Gray School of 
Medicine, Winston-Salem, NC, could hardly be held 
responsible for the lay press' interpretation of his exten- 
sively published scientific work. Although we cannot speak 
for Peter Gouras, MD, Turner's scientific research in 
retinal cell transplantation has been an evolving one since 
the early 1980s. His work has indeed been evaluated by 
peer review for several years and it is understandable, if 
not unavoidable, that as the recipient of The Victory in 


X Sight Award from Retinitis Pigmentosa International in 
^ .1987, his research with all its potentially far-reaching 


implications would be discovered and interpreted by the 
press. Turner's published research, which spans 17 years 
and is too lengthy to cite here, includes major articles on 
retinal cell transplantation in Experimental | Eye 
Research, Developmental Brain Research, and the Annals 
of the New York Academy of Sciences. It is hardly accu- 
rate, therefore, to imply that he sought out the press 
before providing his observations and data for peer scruti- 
ny. The facts are that the specific works in question were 
submitted for publication in April and July 1988, and 
accepted for publication in May and July 1988, several 
months before the publication of the article in the New 
York Times. It is also true that this particular work by 
Turner was reviewed by Matt LaVail, PhD, of The Univer- 
sity of California, San Francisco, in March 1988, in an 
independent scientific evaluation. It was The National 
Retinitis Pigmentosa Foundation Fighting Blindness in 
Baltimore, Md, which had also partially funded and scruti- 
nized Turner’s work closely, that made the press release to 
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the New York Times. Turner did not solicit the article’s 
appearance, nor was he able to review the article before its 
appearance in print. Moreover, the fact is that many 
scientific meetings and major medical journals make press 
releases before article publication and presentation, albeit 
this is a questionably appropriate process that encourages 
the press to be searching always for evermore sensational- 
istic medical and scientific news. 

In an ideal world, exhibiting social responsibility by 
“rationing” scientific or medical communication and, pos- 
sibly more importantly, editing and refining press inter- 
pretation of scientific news and make it more factual 
perhaps would be a logical and appropriate balance worth 
striving for. In a democratic society, restricting a free 
press’ access to already published information is construed 
by many to be an unwise, if not dangerous, idea and one 
legally discouraged by the First Amendment. In regard to 
Fishman’s reference to the public’s tendency to lend its 
own hopeful interpretations to all media news releases, we 
all may be correctly accused of “selective understanding” 
or otherwise drawing unjustified conclusions from the 
print medium for our own psychological benefit. 

Given the facts, what seems intemperate and totally 
inappropriate then is to cite these particular researchers 
as being culpable in such indiscretions. Whereas Fish- 
man’s ethical tones may be perfectly pitched on this issue, 
the examples he chose to inspire them do not belong in his 
arguments. 

M. MADISON SLUSHER, MD 
W. KEITH O'STEEN, PHD 
Winston-Salem, NC 


1. Fishman GA. Transplantation of retinal pigment epithelial cells: 
scientific advance and social responsibility. Arch Ophthalmol. 1988; 
106:1667-1668. Editorial. 


In Reply.—Drs Slusher and O’Steen have misunderstood 
the intentions of my editorial, which addressed the issue of 
the potential consequences resulting from premature spec- 
ulation as to the application of preliminary laboratory 
advances to human disorders. The editorial makes no 
“pointed allegation,” but rather intends to stimulate the 
readership to exercise a note of caution and concern when 
interpreting the consequences and application of research 
that is communicated initially or primarily through the 
lay press. 

The editorial was occasioned by an article in The New 
York Times (September 25, 1988, p 13) that highlighted 
findings on the transplantation of retinal pigment epithe- 
lial (RPE) cells as a means of "treating" retinal degenera- 
tion in the RCS rat. Even a casual reader of the article 
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would immediately grasp the intended message that a 
major breakthrough had occurred, with likely implications 
for human patients with macular degeneration and possi- 
_bly also those with retinitis pigmentosa. This article was 
-occasioned neither by prior experimental work on retinal 
-cell transplantation performed in the early 1980s nor by 
. *unavoidable" discovery by the press of an award to the 
-involved investigators, as Drs Slusher and O'Steen imply, 
- but rather because of more recent work by Drs Turner and 
Li, initially pioneered by Peter Gouras, MD (and his 
colleagues at the Columbia-Presbyterian Medical Center, 
New. York, NY), on the prevention of photoreceptor cell 
legeneration in the RCS rat by pigment epithelial cell 
ransplantation; this work was unpublished at the time of 
“my editorial. 
—. My ARCHIVES editorial notes that there is no a priori 
reason to suspect that successful management of the 
retinal degeneration in the RCS rat model would have 
Subsequent application to human retinal diseases such as 
¿retinitis pigmentosa or macular degeneration. Slusher and 
.O'Steen apparently do not question this sentiment. As 
dvocates for the many thousands of desperate patients 
fflicted with blinding retinal degenerations, ophthalmol- 
-ogists have an obligation to request that investigators not 
allow concerns for research funding or other professional 
-priorities to take precedence over their social responsibili- 
ties to patients. Drs Slusher and O'Steen seem to agree 
-with this thought, since their letter advocates that 
research scientists and the practicing medical community 
“should not create premature therapeutic scenarios that 
might lead to false hopes in those persons tragically 
afflicted with a disease.” 
. The editorial also addressed the issue of releasing 
research information of public interest through the news 
media before its appearance as a scientific document. 
Regardless of who "sought out" or “solicited” The New 
York Times article, it should be apparent that both 
investigators and funding organizations need to be vigi- 
lant, because the lay press often slants or interprets 
scientific news for journalistic expediency. If by “ration- 
ig” scientific or medical communication Drs Slusher and 
O'Steen mean not providing information that could be 
misinterpreted or lead to false hope for desperately ill 
patients, then I would consider this notion useful and 
valid. 
- I hope that subsequent communications on this issue 
will involve positive recognition of future scientific 
advances in retinal pigment epithelial cell transplantation. 
1 the interim, we all need to guard against sacrificing the 
emotions of patients on the altar of our scientific advance- 
ments. 
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GERALD A. FisHMAN, MD 
Chicago, Il 


esource-Based Relative Value Scale and Medicare 


the Editor.—In his timely and provocative article! in 
December 1988 issue of the Arcuives, Frenkel dis- 





ses the likelihood of a continuing reduction in Medicare 
fees for ophthalmic surgery and the theoretical increase in 
“fees for such cognitive services as comprehensive eye 
=< examinations. 

It is highly improbable that Medicare has any intention 
of significantly raising any fees. The sole purpose of its 
recent actions has been cost containment, regardless of the 
effect on the patient, the provider, the hospital, or the 
ture of health care. Medicare has not been especially 
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forthright about this, describing routine services as “not 
reasonable and necessary" simply because it did not wish 
to pay for them. The Health Care Financing Administra- 
tion did not arrange this elaborate study to redistribute 
payment among providers while total outlay remained œ. 
about the same. Payment for procedures may be reduced, 
but fees for consultation are unlikely to substantially 
increase. 
ARTHUR M. COPELAND, OD 
Port Chester, NY 


1. Frenkel M. The Resource-Based Relative Value Seale for physician 
compensation under Medicare: implications for ophthalmology. Arch Oph- 
thalmol. 1988;106:1669-1671. 


Problems in the Use of Tranexamic Acid 
by Ophthalmologists e 


To the Editor. —In the September 1988 ARCHIVES, Uusitalo 
and coworkers’ provided additional evidence of the effec- 
tiveness of tranexamic acid in preventing rebleeds after 
traumatic hyphemas. Unfortunately, there are several 
problems regarding its use of which ophthalmologists in 
the United States should be aware. 

l. It is not a labeled indication. Although various 
studies have been performed in the Scandinavian countries 
over the last 13 years showing the effectiveness of tranex- 
amic acid (some of which are referenced in the article by 
Uusitalo and coworkers), the drug is not approved in the 
United States for use in the treatment of hyphemas. In » 
Canada, it is approved for this use. ^. 

2. The Food and Drug Administration (FDA) Drug 
Bulletin of April 1987? announced the release of tranex- 
amic acid. Over half of the bulletin was devoted to the 
potential ophthalmologic side effects. It states the follow- 
Ing: 


The labeling of tranexamic acid warns that focal areas of retinal 
degeneration have developed in laboratory animals following oral 
and intravenous tranexamic doses at 6 to 40 times the recom- 
mended dose for humans. Limited data showed retinal changes in 
some animals at doses as low as three times the recommended 
human dose administered for several days to two weeks. 

Although no retinal changes have been reported in patients 
treated with tranexamic acid for weeks to months in clinical 
irials, the most frequently reported adverse reactions reported 
post-marketing in Sweden are visual abnormalities. Therefore, if 
patients are to be treated for longer than several days, arn w. 
ophthalmological examination, including visual acuity, color ^ 
vision, eye ground and visual fields, is advised before and at 
regular intervals during the course of treatment. Tranexamic acid 
is contraindicated in patients with defective color vision. 


3. Labeled warnings and contraindications repeat the 
content of the April 1987 FDA bulletin. The entire "Warn- 
ings" section is devoted to ophthalmologic concerns, and 
one of the two items in the "Contraindications" section is 
that the drug should not be used “in patients with acquired 
defective color vision, since this prohibits measuring one 
endpoint that should be followed as a measure of toxicity 
(see Warnings)." 

My concerns are the following: 

1. The ophthalmologist using tranexamic acid may be in 
legal jeopardy. If the patient is successfully treated with 
tranexamic acid, ie, there is no recurrent hyphema, but the. 
visual outcome is poor because of the trauma itself, the” 
ophthalmologist could be held responsible. After all, how 
could one prove that part or all of the reduced aculty was 
not due to retinal toxicity? 
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oR The 'eniphasis on retinal toxieity is not justified.. 
Thile animal studies using doses greater than those that 
apeutie do cause retinal damage, such toxicity has 
en reported in humans. The "most frequent" visual 
nalities referred to in the FDA bulletin and in 
pproved labeling consist of a total of 11 reported cases of 
it color defects in a total of 4.5 million treated 
. None of the 11 had formal color testing, ie, 
aints were subjective (eg, “Things look green." ). Two 
e patients were receiving digoxin, a drug that may 
-itself cause color perception abnormalities. The FDA was 
aware of the small number of visual complaints, their 
transient nature, and the limited documentation of a 
-causal relationship to tranexamic acid. This information 
: (addendum to medical officer's review of original New 
.. Drug Application, submitted February 8, 1985) was made 
available to me through the Freedom of Information Act 
and was obtained by requesting the Summary Basis of 
pproval for tranexamic acid from the FDA, Division of 
iio-Renal Drug Products, Washington, DC. 
Jnfortunately, the FDA's position may have uninten- 
nally but effectively removed the drug from ophthalmo- 
logie use in this country. 












JogL S. MiNbEL, MD, PHD 
New York, NY 


1. Uusitalo RJ, Ranta-Kemppainen L, Tarkkanen A. Management of 
traumatie hyphema in children: an analysis of 340 cases. Arch Ophthalmol, 
1988; 106:1207-1209. 

2. Drug Bulletin. Washington, DC: Food and Drug Administration; April 


^^ 1987:9. 


ditor —]I would like to congratulate Uusitalo et al 

ne study published in the September 1988 issue 

"ARCHIVES. 

— Their findings are very encouraging with regard to the 
effectiveness of tranexamic acid in preventing rebleeding 
episodes in traumatic hyphema in children, without the 
side effects of aminocaproic acid. 

They did report a high incidence of cataracts in their 
treated group 3. The authors note that “this conceivably 

-". could be caused by the antifibrinolytie drug," but then they 
= dismiss this possibility because the x’ test result was “not 

: statistically significant." 

Statistical significance does not equate with medical or 
‘significance.’ It is important for the clinician to 
vhat the actual statistical probability is that the 
tion of the drug with the cataract is real, and not 
chance. The cataracts may all be traumatic or may 
to either trauma or tranexamic acid. The authors 
| ould, therefore, provide the clinician with a precise P 
. value for the difference in the incidence of cataracts 
between untreated and treated groups, so that the clinician 
may know what the real possibility of the en develop- 























donee of cataract of 4% 5 121) of treated cases. It is 
his number that the clinician must have when considering 
enefit ratios and when advising the patient before 
his treatment, and he should have it. 

Pau. E. Romano, MD 
Gainesville, Fla 


f 'E: The insignificanee of a probability value of P « .05 in the 
edical scientific studies. J Lab Clin Med 1988;111:501-503. 
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‘are different concerns when using trane 
‘treatment. of hyphemas. Considering the com 


In Renly. — We agree with. Dr Mindel th 





associated with secondary hemorrhage, e e 
glaucoma, and corneal blood staining, tre: 
significantly decreases the rate of secrets hemo 
is clearly indicated. " 
After receiving Dr Mindel's letter, we took the quest 
of adverse reactions caused by tranexamic acid. to the 
meeting of the Finnish Ophthalmological Society. ‘Tran 
amie acid has been used in almost all eye clinics in Finland 
for several years for the treatment of hyphemas. No 
could identify any adverse reactions, and no one Tad: see 
any retinal degeneration that could be related to the use of 
tranexamic acid. This certainly is not a scientific proof, b 
it supports our own data. Our experience concerning 
side effects of tranexamic acid was based on the 5-ye: 
prospective study in which 121 children were treated wi 
the drug. We could not identify any side effects, and we d 
not see any retinal degeneration that we judged as d 
nitely related to the administration of tranexamic a 
Our data are not necessarily different from the an: 
done by the Swedish Drug Information System sinc 
which found that the incidence of adverse reactions w 
approximately one reaction in 170000 patients. iml 
In reply to Dr Romano's letter, we have to admit tha! 
there are some potential complications in our study 3] 
ated by retrospective controls. The question already hi 
been raised by reviewers, and in the “Comment” sectio 
our article we discussed that any comparison between 
prospective study group and retrospective controls is su 
ject to erroneous interpretation. When the controls 
not concurrent, we could not conclude that there was any 
association of the drug with the cataract. To be ex 
Table 3 of our article lists the lesions associated 
traumatic hyphema in the different study group: 
shows these in the treated group (group 3). A higl 
percentage of dense traumatic cataraets that led -te 
gery was seen in those children treated with tranexa 
acid (group 3). It is, however, possible that our surgic 
confidence has risen to the point where we are more likel 
to perform lensectomy now. 






































































Risto UUSITALO, MD 
AHTI TARKKANEN; MD 
Helsinki, Finland" 


Failed Retinal Detachment Repair 
After Intravitreal Air Injection 


To the Editor. —In the January 1988 issue of the Ad ; 
Lewen and Eifrig! described a patient with a subelir 
retinal detachment who was treated with an intrav 
injection of room air. Despite a large injection volum 
0.75 mL, internal tamponade was judged inadequa 
hours following the procedure. A second injection o! 
was undertaken, but multiple fish-egg bubbles occu 
and a small air bubble was trapped in the subretinal : space 
Because the macula was "threatened," the patient und 
went a scleral buckling procedure with encircling 
circumferential elements, external drainage of subretir 
fluid, injection of air, and postoperative positioning. x 

The authors termed the initial procedure ' 'pneuma 
retinopexy." As described by Hilton and Grizzard,’ ? pn 
matic retinopexy utilizes an intravitreal injection. $ 
expansile gas, such as sulfur hexafluoride or perfluoropi 
pane, to create an internal tamponade. External cryope 
or laser photocoagulation is nen applied to create 











































-chorioretinal adhesion and seal the rétinal tear. Expansile 
-gases permit prolonged internal tamponade and the use of 
small injection volumes, which minimizes displacement of 
formed vitreous. The injection of large volumes of air may 
cause significant vitreous displacement and induce trac- 
tional forces within the vitreous, significantly increasing 
the risk of new retinal tears in the early postoperative 
o- period? 
|. As a complication of the case presented, an air bubble 
was trapped in the subretinal space, and Lewen and Eifrig 
-elected to perform a complicated surgical repair. Small air 
-bubbles within the subretinal space reabsorb quickly, and 
the surgical repair described may not have been necessary. 
.À small volume of expansile gas, followed by face-down 
positioning, could have maintained the macula in an 
attached state, while the subretinal air quickly dissipated. 
The original retinal break could then have been closed with 
appropriate positioning followed by eryopexy or photoco- 
'agulation to seal the retinal tear. 
In summary, the injection of large volumes of room air 
. may cause significant vitreous displacement and alter- 
ation in vitreous traction. A small volume of expansile gas 
is recommended for pneumatie retinopexy. Measures to 
avoid subretinal gas include injecting away from retinal 
tears and positioning bubbles away from tears until fish- 
egg bubbles coalesce. In the case presented, an expansile 
‘gas bubble could have been employed along with face-down 
positioning while awaiting reabsorption of the subretinal 
air bubble. By this means, a more complicated surgical 
. repair might have been avoided. 
Lon S. POLINER, MD 
PAUL E. TORNAMBE, MD 
san Diego 


1. Lewen RM, Eifrig DE: Scleral buckling of failed pneumatic retinopexy. 
Arch Ophthalmol 1988;106:18. 
2. Hilton GF, Grizzard WS: Pneumatic retinopexy: A two-step outpatient 
. Operation without conjunctival incision. Ophthalmology 1986;93:626-641. 
3. Tornambe PE: Pneumatic retinopexy. Surv Ophthalmol 1988:32:270- 
281. 


In Reply.—We thank Poliner and Tornambe for their 
interest in our case report, and we appreciate their sugges- 
tions and caveats regarding pneumatic retinopexy. This 
procedure has been modified somewhat since Rosengren, 
in 1988, achieved a 77% success rate in the repair of almost 
260 retinal detachments using diathermy, drainage of 
ubretinal fluid, and intravitreal injection of 1.5 to 2.0 mL 
air. Recently, the introduction of long-acting expansile 
gases such as sulfur hexafluoride and perfluoropropane 
ave been utilized to create the internal gas tamponades. 
vertheless, as shown by Rosengren 50 years ago, the use 
travitreal room air can be quite successful in repairing 
inal detachments via pneumatic retinopexy tech- 
ues. 
-Poliner and Tornambe caution that the injection of large 
olumes of air may cause significant vitreous displacement 
and induce tractional forces within the vitreous, thereby 
significantly increasing the risk of new retinal tears in the 
early postoperative period. Tornambe? suggests that the 
movement and expansion of an intravitreal gas bubble 
may result in traction, contraction, or further separation 
of the vitreous base, resulting in iatrogenic tears. This 
complication is not limited to relatively large volumes of 
 intravitreal air, but, as reported by Poliner et aP? may 
- occur with the use of small intravitreal injections of 0.3 to 
0.5 mL of the expansile gases. Tornambe's! own recently 
published review of pneumatic retinopexy fails to reveal 
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evidence of his and Poliner’s implied suggestion that 
injection of large volumes of air may be significantly more 
dangerous in producing new retinal breaks than the injec- 
tion of small volumes of expansile gases typically used 
today. 

We note a discrepancy between our case and Poliner and 
Tornambe's perception of it. Twelve hours following a 
second intravitreal injection of room air, which resulted in 
the production of multiple fish-egg bubbles, we reported, 
"at least one subretinal gas bubble could be visualized by 
indirect ophthalmoscopy. The overlying retina was drawn 
superiorally and anteriorally so as to overlie the ora 
serrata. Incipient detachment of the macula necessitated 
surgical intervention." Poliner and Tornambe assume that 
"a small air bubble was trapped in the subretinal space." 
In fact, the size of the subretinal bubble was substantial as 
implied by the significant distortion of the overlying 
retina. The subretinal air was opening the retinal break, 
allowing the additional accumulation of subretinal fluid, 
whieh led us to believe the macula would soon detach. 
Tornambe’ cautions that a large subretinal gas bubble or 
one that prevents retinal reattachment must be removed. 
Fearful of allowing a subclinical retinal detachment to 
progress to a "macula-off" retinal detachment with possi- 
ble compromise of postoperative visual function, we 
elected to abandon sole reliance on pneumatic retinopexy. 
As we were already bringing the patient to the operating 
room to remove the subretinal gas bubble, the use of a 
scleral buckling element seemed prudent in light of our 
having the patient in the operating room with the sclera 
exposed. ; 

Poliner and Tornambe incorrectly suggest that in the» 
presence of a subretinal gas bubble and inadequate tam- ^ 
ponade of the retinal break "a small volume of expansile 
gas, followed by face-down positioning, could have main- 
tained the macula in an attached state.” Although we are 
aware that the "steam-roller technique" may prevent 
displacement of subretinal fluid, we do not believe an 
intravitreal gas bubble positioned over the maeula will 
inhibit the posterior extension of subretinal fluid in the 
presence of an open retinal break. : 

ROBERT M. LEwen, MD 
Davin E. Errric, MD 
Chapel Hill, NC 


1. Rosengren B: Results of treatment of detachment of the retina with 
diathermy and injeetion of air into the vitreous. Acta Ophthalmol 1938; 
16:573-579, 

2. Tornambe PE: Pneumatic retinopexy. Surv Ophthalmol 1988;32:270- we. 
281. i 

3. Poliner LS, Grand MG, Schock LH, et al: New retinal detachment after 

pneumatic retinopexy. Ophthalmology 1987:94:315-318. 


Serotonin, Vasoconstrictor of Human Aqueous Humor 


To the Editor. —Coagulation properties of human aqueous 
humor have been reported by Khodadoust et al. They 
found that aqueous humor shortened the average earlobe 
puncture bleeding time, as well as the prothrombin and 
partial thromboplastin times. Moreover, they showed that 
most of the coagulation factors were not responsible for 
this effeet and concluded that a tissue thromboplastin or 
thromboplastinlike substance, as well as the effects on the 
vascular wall, needed to be investigated. 

Arteries and veins are strongly constricted by serotonin, 
and its intravenous infusion is accompanied by intense’ 
venospasm. Local vasoconstriction, or vascular spasm, is 
the initial step in hemostasis and this is due, in part, to 
serotonin liberated from platelets.? 
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e measured a mean serotonin concentration 



















s Sud could be secreted by the bones 
which has an embryogenesis similar to retina 
land. On the other hand, epinephrine concen- 
aqueous humor is 1/100000 the dosage of 
ised under standard clinical conditions. 

seular spasm is the first component measured 
leeding time test, it is probable that serotonin is 
ot the vasoconstrictors in human aqueous humor 
sponsible, in part, for the shortened bleeding time. 

he vasoconstrictive properties of aqueous humor have 
clinical importance and could be significant in hemostasis 
ing ocular surgery, during the postoperative period, 

and in traumatic hyphema. In such instances, partial 
inhibition of aqueous humor production by carbonic anhy- 

inhibitors or 6-blockers might best be done only 
bsolutely necessary. By reducing intraocular pres- 
rough the use of aqueous humor suppressants, one 
also reduce both the tamponade effect of intraocular 
ension and the vasoconstrictive effect of aqueous 
ht Furthermore, patients receiving serotonin antago- 
nists might also be predisposed to increased bleeding. 

; The. pecs of i DAL a pent vasoconstrictor, in 






















r ice cofactor is excluded as ven proposed,’ and 
d hich T E of aqueous humor are responsi ible 


XAVIER D. MARTIN, MD 
MARY C. BRENNAN, MS 
PauL R. LICHTER, MD 
Ann Arbor, Mich 


hodadoust AA, Stark WJ, Bell WR: Coagulation properties of 
intraocular humors and cerebrospinal fluid. Invest Ophthalmol Vis Sci 
1983;24:1616-1619. 

: 2. Ganong WF: Circulating body fluids, in Ganong WF (ed): Review of 
Medical. Physiology. Los Altos, Calif, Lange Medical Publishers, 1985, pp 
438-439, - 

Eo 3. Martin X, Brennan MC, Lichter PR: Serotonin in human aqueous 
humor. Ophthalmology 1988:95:1221-1226. 

- A; Cooper RL, Constable IJ, Davidson L: Aqueous humor catecholamines. 
Curr Eye Res ee 809-813. 





covery of Dislocated Lenses by Computed 


—In our experience, the incidental diagnosis 
. ed lens made on routine computed tomo- 
T) scans of the head depends on the angle of the 
! | during the examination. 
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to a line dawn from the "posterior i far 
undersurface of the occiput. This techniqu 
tion of CT with other i imaging modalities, s $ 
resonance imaging, easier and includes vic 
and maxillary sinuses not available wh 
obtained with the gantry angled. Many i 
are aware of the above-mentioned benefit 
tion; however, there are still multiple dia 
where angled CT studies are done. 

In our hospital, during the month of Au; 
of 310 CT scans of the head were done. Apr 
were obtained using a 20° angle and the 
done with no angle. As expected, none th 
demonstrated the orbits. In the remaininj 
(175 eases) the globes were visualized an 
dislocated lenses were found. In all inst. 
cated lenses were noted in the posteriot 
vitreous abutting the posterior retina. On 
patients did not recall a traumatic event tj 
ter associated with decreased visual acu 
suggested a spontaneous nature to the pri 
conversation with the referring physicia: 
they were not aware of these problems 
consultations with the ophthalmology ser 

Although trauma accounts for almost 50 
dislocated lenses, a substantial number ca; 
neously." Timely treatment may preven 
such as retinal detachment, secondary gl. 
chorioretinal degeneration, and poor ^ 
studies, a dislocated lens appears as a lent 
high attenuation abutting the posterior re 
logic differential diagnosis includes melanc 
granulomas, and other conditions. The al 
mally positioned lens confirms the diagno 

We believe that the radiation exposure | 
a CT study is minimal and that angled sc. 
eyes because of this reason are not justifi 
above, CT studies done with 0? angulatio 
important pathologic lesions, not only wi 
but at times in the maxillary sinuses. Sinc 
can be used at no extra cost to the patient 
additional time, we recommend that all C 
head be ordered with 0? angulation. 
MAURICI 
PATRICL 
Atlanta 


1. Bass LJ, Potter JW: A case of spontaneous disl 
Optom Physiol Opt 1985;62:352-356. 

2. MeDonald PR, Purnell JE: Dislocated lens. JAM: 

3. Siegel RS, Sell J, Magnus DE: CT appearance of - 
lens. AJNR 1988;9:930. 
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C lessens the risk of systemic 
e effects while controlling IOP 


e CNS effects including impotence, depres- 
sion, lethargy, and confusion are less likely 
due to the absence of significant plasma 
beta-blocking activity following ocular 
betaxolol administration: 

e Pulmonary reactions are less likely to occur: 

e Cardiac function is maintained: 





Although BETOPTIC has produced only minimal effects in patients with reactive airway disease, 
caution should be exercised in the treating of patients with excessive restriction of pulmonary 
function 


BETOPTIC is contraindicated in patients with sinus bradycardia, greater than a first-degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. Patients 
receiving an oral beta blocker and BETOPTIC should be observed for potential additive 
effect on known systemic effects of beta blockade. Caution should be exercised in patients 
receiving catecholamine-depleting drugs 


Start your glaucoma patients on 
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betaxolol HCI 


Sterile Ophthalmic Solution, 0.5% 


Please see the following page for brief summary of prescribing information. ©1988 Alcon Laboratories, Inc. 
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"BETOPTIC | 


© (betaxolol HCI) "i 


Sterile Ophthalmic Solution, 0.5% ™ 


insidious systemic side effects. 


BETOPTIC* Ophthalmic Solution 
(betaxolol hydrochloride) 0.5% as base 


DESCRIPTION: BETOPTIC* Sterile Ophthalmic Solution contains betaxolol hydrochloride, a 
cardioselective beta-adrenergic receptor blocking agent, in a sterile isotonic solution. 


INDICATIONS AND USAGE: BETOPTIC Ophthalmic Solution has been shown to be effective 
in lowering intraocular pressure and is indicated in the treatment of ocular hypertension and 
chronic open-angle glaucoma. It may be used alone or in combination with other anti- 
glaucoma drugs. 

In clinical studies BETOPTIC safely controlled the intraocular pressure of 47 patients with 
glaucoma and reactive airway disease followed for a mean period of 15 months. However, cau- 
tion should be used in treating patients with severe reactive airway disease. 


CONTRAINDICATIONS: BETOPTIC Ophthalmic Solution is contraindicated in patients with 
sinus bradycardia, greater than a first degree atrioventricular block, cardiogenic shock, in 
patients with overt cardiac failure, and in those patients with hypersensitivity to any component 
of this product. 


WARNING: Although BETOPTIC Ophthalmic Solution has had little or no effect on heart rate 
or blood pressure in clinical studies, caution should be observed in treating patients with a his- 
tory of cardiac failure. Treatment with BETOPTIC Ophthalmic Solution should be discontinued 
at the first signs of cardiac failure. 


PRECAUTIONS: Patients who are receiving a beta-adrenergic blocking agent orally and 
BETOPTIC Ophthalmic Solution should be observed for a potential additive effect either on 
the intraocular pressure or on the known systemic effects of beta blockade. 

While BETOPTIC Ophthalmic Solution has demonstrated a low potential for systemic effect, 
it should be used with caution in patients with diabetes (especially labile diabetes) because of 
possible masking of signs and symptoms of acute hypoglycemia. Beta-adrenergic blocking 
agents may mask certain signs and symptoms of hyperthyroidism and their abrupt withdrawal 
might precipitate a thyroid storm. 

Consideration should be given to the gradual withdrawal of beta-adrenergic blocking agents 
prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. 


Pulmonary: BETOPTIC Ophthalmic Solution, a cardioselective beta-blocker, has produced 
only minimal effects in patients with reactive airway disease; however, caution should be exer- 
cised in the treatment of patients with excessive restriction of pulmonary function. 


Drug Interactions: Although BETOPTIC Ophthalmic Solution used alone has little or no 
effect on pupil size, mydriasis resulting from concomitant therapy with BETOPTIC Ophthalmic 
Solution and epinephrine has been reported occasionally. 

Close observation of the patient is recommended when a beta-blocker is administered to 

patients receiving catecholamine-depleting drugs such as reserpine, because of possible 
additive effects and the production of hypotension and/or bradycardia. Caution should be exer- 
cised in patients using concomitant adrenergic psychotropic drugs. 
Ocular: In patients with angle-closure glaucoma, the immediate treatment objective is to re- 
open the angle by constriction of the pupil with a miotic agent. Betaxolol has no effect on the 
pupil; therefore, BETOPTIC Ophthalmic Solution should be used with a miotic to reduce ele- 
vated intraocular pressure in angle-closure glaucoma. 

As with the use of other antiglaucoma drugs, diminished responsiveness to BETOPTIC 
Ophthalmic Solution after prolonged therapy has been reported in some patients. However, in 
one long-term study in which 250 patients have been followed for a mean period of two years, 
no significant difference in mean intraocular pressure has been observed after initial 
stabilization. 


Pregnancy and Nursing: As with any drug, BETOPTIC Ophthalmic Solution should be used 
in pregnant or nursing women only when the anticipated benefits outweigh the risks. 


Usage in Children: Clinical studies to establish the safety and efficacy in children have not 
been performed. 


ADVERSE REACTIONS: 

Ocular: BETOPTIC Ophthalmic Solution has been well tolerated. Discomfort of short duration 
was experienced by one in four patients, but none discontinued therapy; occasional tearing 
has been reported. Rare instances of decreased corneal sensitivity, erythema, itching sensa- 
tion, corneal punctate staining, keratitis, anisocoria and photophobia have been reported. 


Systemic: Systemic reactions following topical administration of BETOPTIC Ophthalmic 
Solution have been reported rarely (e.g., insomnia and depressive neurosis). 


Alcon 


Alcon Laboratories, Inc. 
OPHTHALMIC 


Fort Worth, Texas 76134 USA 


1. Shore JH, Fraunfelder FT, Mever SM: Psychiatric side effects from topical ocular timolol, a 
beta-adrenergic blocker / Clin Psychopharmacol 1987.7-264- 267 

2 Data on file, Alcon Laboratories. Inc 

3. Schoene RB, et al: Am / Ophthalmol 1984-97 86 

4. Atkins IM, et al: Amm J Ophthalmol 1985:99:173-175 
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Fish Hook Removal From Vitreous 
and Retina 


To the Editor.—A simple, effective 
technique was used to remove a large- 
gauge fish hook that had penetrated 
retina and vitreous and caused a reti- 
nal detachment. 


Report of a Case.—A 56-year-old man 
was referred shortly after accidentally 
hooking his left eye with one barbed hook 
of a triple fish hook designed for catching 
18-kg pike. 

On the patient's arrival in the hospital 5 
hours after injury, visual acuity was 20/20 
OD and 20/50 OS. One hook had penetrated 
the medial bulbar region of the left eye 5 
mm posterior to the limbus (Figure). 

In the fundus there was a small periph- 
eral retinal tear surrounded by a segmen- 
tal 2-disc diameter retinal detachment 
superonasal to the horizontal meridian. 
Part of the curved shaft of the hook was 
seen in the vitreous inferior to the horizon- 
tal meridian, but the tip of the hook and 
most of the shaft were obscured by vitre- 
ous blood. 

Cultures of conjunctiva at the perfora- 
tion site showed no bacterial growth, but 
cultures of the shaft of the hook yielded 
clostridia species. 

En route to the operating room, the 
patient was given intravenous netilmicin 
sulfate and cloxacillin sodium. 


* The extrascleral portion of the fish hook 


was grasped with a hemostat and lightly 
moved until the tip was seen in the vitre- 
ous with the indirect ophthalmoscope. The 
tip was curving superiorly and pointing at 
the retinal tear above the horizontal 
meridian. 

We then used heavy-wire cutters to cut 
off the other two extrascleral attached 
hooks. The remaining small extrascleral 
end of the fish hook at the entry site was 
then slowly advanced in its own axis so 
that we could direct the tip of the hook in 
the vitreous cavity away from the retinal 
tear toward the pars plana, and then guide 
it through the pars plana superonasally 
until it tented the sclera externally. We 
then used a Ziegler knife to cut down 

rough the sclera to the tip of the exiting 
ish hook. The hook was then moved for- 
ward in its trajectory until the sharp tip 
and barb could be grasped outside the 
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We 


Operating microscopic view of fish hook pene- 
trating the bulbar conjunctiva of the left eye. 


sclera by a heavy hemostat and removed 
from the eye. 

The traumatic retinal tear where the 
hook had originally entered the vitreous 
cavity was treated with prophylactic cryo- 
pexy, but no scleral buckle was inserted 
because of the possibility that there might 
be bacterial contamination from the fish 
hook. The scleral perforations, both trau- 
matic and iatrogenic, were then closed 
with 5-0 polyglycolic acid sutures. 

Postoperatively, the patient was given 
the same systemic antibiotics for 10 days. 
Six days after surgery, the visual acuity 
was 20/30 and the retina was attached. 
Four months later, the visual acuity was 
20/20. 

Comment. — Because the hook in our 
case was 14-gauge, we were most con- 
cerned that removing the hook might 
create a large retinal tear. Three pre- 
viously described methods to remove 
penetrating fish hooks apply to thin- 
gauge hooks, where the barb increases 
the diameter of the shape very slight- 
ly.? Consequently, we made the exit 
wound at the pars plana internally, 
where vitreous surgery experience has 
shown adverse effects on the retina 
and vitreous to be minimal. 

MARK S. MANDELCORN, MD, CM, 
FRCSC 

ANDREW CRICHTON, MD, FRCSC 

Toronto, Canada 


1. Grand MG, Lobes LA. Technique for remov- 
ing a fish hook from the posterior segment of the 
eye. Arch Ophthalmol. 1980;98:152-153. 

2. Cooke T. How to remove fish hooks with a 
bit of string. Med J Aust. 1961;48:815-816. 

3. Hung SO, Smerdon D. Eyeball injury due to 
fish hook. J Trauma. 1984;24:997-998. 


Problems With Punctal Plugs 


To the Editor.—Punctal occlusion has 
proved to be a valuable adjunct in the 
treatment of moderate to severe dry- 
eye syndrome. Recently, silicon plugs 
have become available for reversible 
occlusion of the lacrimal punctum and 
canaliculus.' Although this device has 
proved beneficial to many cases in our 
experience, its use is not without some 
potential hazard, as the following two 
case reports will indicate. 


Report of Cases.—CASE 1.—A 29-year- 
old woman suffered from moderate dry- 
eye syndrome that caused irritation, par- 
ticularly of the right eye. Since she was 
helped by temporary occlusion of her cana- 
liculi with collagen inserts, we elected to 
perform punctal occlusion using a punctal 
plug for her lower right punctum. The 
lower lid was grasped with forceps in the 
recommended manner and the punctum 
was dilated with the punctal dilator sup- 
plied by the manufacturer. An attempt 
was then made to insert the plug, but, 
because of the very narrow opening, it was 
not possible to slip the plug into position. 
Since the patient did not wish to have 
punctal cautery performed, the punctum 
was further dilated with a standard punc- 
tal dilator after lidocaine hydrochloride 
(Xylocaine) was injected into the lower lid. 
Still, a great deal of difficulty was encoun- 
tered in trying to insert the plug. Finally, 
with additional force, the entire plug 
slipped through the punctum and lodged in 
the canaliculus. An attempt was then made 
with forceps to pull the plug out from the 
canaliculus, but this was not possible 
because of the collar button design. It 
became necessary to slit the posterior wall 
of the punctum with a fine scissors, which 
allowed the plug to be partially withdrawn 
until the external dome of the plug was in 
the proper position. The plug was left in 
place, and the canaliculus then healed 
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around the plug.? It has remained in place 
for three months without difficulty. The 
patient has had significant relief of her 
dry-eye symptoms in the affected eye. 
CASE 2.— A 33-year-old man had a histo- 
ry of keratoconus and dry-eye syndrome. 
Because of the diffieulty in wearing his 
hard contact lenses that he required for 
good vision, we elected to close off his 
lower puncta with standard-sized silicon 
punctal plugs. This partially relieved his 
symptoms, but he wished to have the upper 
puncta closed in an attempt to obtain 
further improvement. The newer, shorter 
model of punctal plugs was inserted in the 
usual manner, without difficulty, into the 
right upper punctum. The patient returned 
two days later complaining of tearing from 
the right eye and wished to have the 
punctal plug removed from his upper punc- 
tum. When the upper lid was examined, it 
was determined that the plug had totally 
prolapsed into the canaliculus and was 


barely visible in the depths of the struc- - 


ture. Àn attempt to remove the plug with 
forceps again proved impossible because of 
the shape of the plug. Slitting the posterior 
wall of the punctum did allow the plug to 
be extracted. Following this, the patient 
healed without any sequelae. 


Comment.—Silicon plugs would ap- 
pear to fill the need of a complete but 
reversible occlusion of the lacrimal 
drainage system. Care, however, must 
be exercised with their use. Excessive 
force applied during their insertion 
should be avoided, and if they do not 
slip in with a moderate amount of 
pressure, their use should probably be 
avoided. Whether the newly available 
model with its smaller dome is safe to 
use, despite the danger that it may 
undergo spontaneous prolapse, re- 
mains to be seen. Perhaps a redesign 
of the external dome on the plug with 
a small angled flange would help to 
prevent the types of complications 
encountered in these two cases. 
JEREMY E. LEVENSON, MD 
JOHN HOFBAVER, MD 
Santa Monica, Calif 


1. Freeman JM: The punctum plug: Evolution 
of a treatment for the dry eye. Ophthalmology 
1975;79:874-879. 

2. Kristan RW: Treatment of lacrimal punctal 
stenosis with a one-snip canaliculotomy and tem- 
porary punctal plugs. Arch Ophthalmol 1988; 
106:878. 


Follicular Thyroid Cancer Metastatic 
to the Iris 


To the Editor.—Metastatic lesions to 
the anterior segment are rare, and 
usually secondary to carcinomas of 
the lung or breast. We report the first 
case, to our knowledge, of iris metas- 
tasis from a mixed papillary follicular 
thyroid carcinoma. Diagnosis and 
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Fig 1.—Radioactive iodine scan. Left, Scan shows lesion in left eye, left lung, and mediastinal 
nodes. Normal uptake is seen in right carotid and nasopharynx. Right, Artist's rendering of scan 


highlights areas of iodine uptake. 


treatment of this unusual lesion was 
performed noninvasively using radio- 
active iodine specific for follicular 
thyroid carcinoma. 


Report of a Case. —An 82-year-old man 
known to have metastatic mixed papillary 
follicular thyroid carcinoma presented 
with decreased vision and intermittent 
ocular pain of the left eye. Slit-lamp exam- 
ination revealed a 5 X 2-mm pink vascular- 
ized mass in the iris. Gonioscopy showed 
the lesion was juxtaposed to the angle 
without infiltrating the angle structure or 
peripheral anterior synechiae. The lens 
showed 1+ nuclear sclerosis in both eyes. 
No cells or flare were present in the ante- 
rior chamber and the intraocular pressure 
was 14 mm Hg. After dilatation, an anteri- 
or chamber reaction developed and the 
intraocular pressure rose to 56 mm Hg. 
The patient became symptomatic. On 
repeated gonioscopy, the angle remained 
open. Therapy was initiated with topical 
steroids, timolol maleate, and a carbonic 
anhydrase inhibitor, resulting in control of 
the inflammation and lessening of the 
intraocular pressure within several 
hours. 

Due to the patient’s history of metastat- 
ic cancer, a radioactive iodine scan was 
performed using 0.6 mCi of '?I that showed 
lesions in the thoracic spine, mediastinal 
nodes, lungs, and left eye, which is repre- 
sentative of recurrent metastatic follicular 
thyroid carcinoma (Fig 1). The metastatic 
lesions were treated with 151 mCi of "'T. At 
the time of the patient's discharge from 
the hospital, the ocular metastatic lesions 
showed a 25% decrease in width and a 50% 
decrease in length (Fig 2). The '?I radioiso- 
tope was used for diagnostic testing 
because of its lower kiloelectron voltage, 
which permitted collimation with a medi- 
um-energy collimator, whereas treatment 
was performed with "'I, which has a high- 
er kiloelectron voltage and, thus, is more 
effective for ablation of the tumor cells. 

On examination eight months later, the 
iris lesion in the left eye had not changed 
significantly from the time of the patient's 


discharge from the hospital. The visual 
acuity was stable, intraocular pressure was 
normal, and there was no anterior cham- 
ber inflammation. At the last visit, 23 
months after the initial diagnosis of the 
iris lesion, the patient is well, and there 
has been no further growth of the iris mass 
nor a recurrence of the ocular symptoms. 


Comment.—Carcinomas rarely me- 
tastasize to the anterior segment. In 
one study, metastasis to the posterior 
segment occurred nine times more 
frequently than that to the anterior 
segment.' The breast and the lung are 
the primary sites in 90% of metasta- 
ses to the anterior segment. In our 
review of literature on the subject, we 
found no prior case reports of mixed 
papillary follicular thyroid carcinoma 
metastatic to the iris. 

Patients with anterior segment 
metastasis may present with de- 
creased vision, red eye, inflammation 
of the anterior segment, pain, and a 
mass lesion. In 50% of patients, the 
anterior segment metastasis is seen 
prior to the diagnosis of their primary 
carcinoma.’ Metastatic lesions to the 
iris are almost always a poor prognos- 
tic sign indicating widespread disease. 
Median survival time of patients with 
metastasis to the anterior segment is 
5.4 months, which is significantly 
worse than with metastasis to the 
orbit (15.6 months) or posterior pole 
(7.2 months)? In our case, the use of 
radioactive iodine was effective in 
treating metastatic disease and, thus, 
has prolonged our patient's life 
beyond the expected course. 

Radioactive iodine uptake is highly 
sensitive and specific for follicular 
thyroid carcinoma, and has identifi 
thyroid metastasis in  patien 
thought to be clinically free of dis- 
ease. There are a number of sites that 
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Fig 2.—Left, External photograph of left eye prior to therapy shows 5 X 2-mm vascularized lesion in superonasal quadrant. 


Right, Fifteen days following radioactive iodine therapy, there is marked diminution in size of iris nodule. 


normally take up radioactive iodine, 
such as salivary glands, nasopharynx, 
. Stomach, breast, and bladder, but 
- none takes up iodine if neoplastic and 
none interfered with the test results 
in this case. Use of larger doses of 
radioactive iodine in the treatment of 
metastatic disease is possible. In a 
large retrospective review of 200 
patients with thyroid carcinoma who 
were treated with "I, 67% of patients 
with regional lymph node metastases 
and 53% of patients with distant 
metastases were free of disease for a 


mean follow-up of five years after 
treatment. 

In our case, use of radioactive iodine 
provided a noninvasive form of diag- 
nosis and treatment of metastatic 
thyroid carcinoma. Therapy was so 
effective that the patient has survived 
beyond the expected poor prognosis 
associated with the presence of ante- 
rior segment metastases. 

ROBERT WEISENTHAL, MD 
ALEXANDER BRUCKER, MD 
RALPH LANCIANO, DO 
Philadelphia 
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American College of Surgeons Offers Congress a New Deal 


CHICAGO —A proposal from the American College of 
Surgeons (ACS) to Congress to reduce Medicare costs 
appears to many as an effort to cut a special deal for 
surgeons in the wake of the Hsiao study. 

The proposal, a response to the Harvard University 
School of Public Health Resource-Based Relative Value 
Study (RBRVS) whereby surgeons’ fees would be cut as 
much as 50%, would retain the current distribution of 
medical payments and continue to put surgeons near the 
top of the physician income list (AM News, February 24, 
1989, p 179). 

Presented to Congress on February 9, the proposal 
stated that surgeons would accept newly established Medi- 
care fees for surgical services as payment in full for 
low-income recipients and emergency surgery. But as Paul 
A. Ebert, MD, and director of the ACS explained, “Physi- 
cians would be permitted to charge their regular fees for 
all other patients subject to Medicare’s existing rules.” 

Other elements of the proposal include the following: 

1. A plan to make Medicare expenditures for surgical 
services more predictable for beneficiaries and the govern- 
ment, based on development of criteria for addressing the 
volume of services and phased implementation of a target 
expenditure program. 

2. Proposals for improving the financial protection of 
Medicare patients through fundamental changes in the 
assignment program. 

3. Development of a new, blended Medicare fee schedule 
for surgical services that is based equally on supply-side 
(ie, resource costs) and demand-side considerations. 

4. An explicit timetable for implementation of the pro- 
posed changes. 

Dr Ebert said that the proposal is “focused on the 
quality, volume, and cost of surgical services provided to 
Medicare patients, although we believe that features of the 
plan could have broader applications.” The ACS believes 
that “more physician-developed standards and guidelines 
are needed to define office and outpatient practice patterns 
relating to surgical diseases” and that criteria will be 
needed “to make reasonable judgments about the frequen- 
cy, volume, and effectiveness of both procedural and 
physician activities. It will ultimately be necessary to 
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directly link payment policies with professionally devel- 
oped criteria concerning appropriateness and the effective- 
ness of various medical and surgical treatments." 

Among the changes in the proposal would be the estab- 
lishment by Congress of a national income level below 
which the new Medicare schedule of fees for surgical 
services would be considered as payment in full. “Medicare 
would pay physicians 80% of the scheduled payment 
directly, and the patient would remain liable only for the 
2095 coinsurance," Ebert said. "No additional charges to 
qualifying patients could be made." 

The proposal will be reviewed by the Department of 
Health and Human Services (HHS). A 1988 law requires 
HHS to submit to Congress by July 1989 a plan to overhaul 
the fee schedule of the Medicare program, whose costs 
have been rising rapidly. 

Although the American Academy of Ophthalmology has 
not issued a formal response to the proposal, President- 
elect Robert D. Reinecke, MD, said that "We're looking at 
it with interest, but mainly because almost anything would 
be an advantage to ophthalmologists compared to the 
Hsiao study. The chances of it [the ACS proposal] being 
accepted are not great." Dr Reinecke added that the ACS 
proposal may be a way of isolating surgery from the 
so-called cognitive specialties, such as family practice and 
pediatrics, for reimbursement purposes, perhaps in the 
hope that there would be less friction between the two 


b. 
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areas of medicine if separate programs were established. 


Consumer-oriented groups responded strongly against 
the ACS proposal. Henry A. Waxman (D-Calif), head of 
the House Energy and Commerce Subcommittee on Health 
and Environment, responded to the proposal by saying, 
“Pm very much against the idea of requiring elderly 
Medicare beneficiaries to disclose their income. The whole 
idea of Medicare is not to distinguish between beneficiaries 
on the basis of income." Louise Crooks, president of the 
American Association of Retired Persons, said that “Medi- 
care is a social insurance program, just like Social Securi- 
ty. Benefits under the program have always been and must 
be given without regard to income." 

The Medicare payment schedule will be changed. Wheth- 
er a proposal such as the one offered by the ACS will ju = 
in a more equitable system of payments or, as some feat, 
turn medicine into a house divided remains to be seen. 

JULIE FOREMAN 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Laser Photocoagulation of Retinal 
Diseases, edited by K. A. Gitter, H. 
Schatz, L. A. Yannuzzi, et al, 281 pp, 
with illus, San Francisco, Pacific Medical 
Press, 1988, $65. 


This volume is a collection of 35 
reports presented at the International 
Symposium on Laser Photocoagula- 
tion of the Macula held in New 
Orleans, Nov 6 through Nov 8, 1986. 
Collectively, these reports provide an 
overview of indications, techniques, 
and complications of laser therapy for 
retinal disease. At present, this is the 
most up-to-date book on retinal pho- 
tocoagulation. It should be quite valu- 
able, not only to retinal specialists but 
also to those ophthalmologists who 
wish to obtain an overview of this 
field. 

The reports cover a wide range of 
topics, including basic concepts and 
instrumentation, diabetic retinopathy 
and other retinal vascular diseases, 
subretinal neovascularization in age- 
related maculopathy, and photocoagu- 


- lation of retinal angiomas and intra- 
. ocular tumors. In general, the reports 


are well written and concise. This is 
an enjoyable book to read. Many illus- 
trative cases are shown, demonstrat- 
ing the specifics of treatment tech- 
niques. At the conclusion of many of 
the chapters, the editors have in- 
cluded comments and discussion from 
the symposium, which adds to the 
value of the reports. 


“... the most up-to-date book on 


retinal photocoagulation.” 


£ One of the areas in which the vol- 


ume is strongest is laser therapy for 
choroidal neovascularization. Ten re- 
ports discuss most aspects of this pro- 
cedure, including occult choroidal 
neovascularization associated with 
pigment epithelial detachment, com- 
plications of treatment, and the diffi- 
cult problem of recurrences following 
seemingly successful therapy. 
Finally, this volume is attractively 
organized and printed, and the illus- 
trations are extensive and well repro- 
duced. The editors are to be congratu- 
lated for the care with which this 
volume was produced. It is a useful 


w(ddition to the literature of retinal 


photocoagulation. 
CARMEN A. PULIAFITO, MD 
Boston 
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I Can See! Can Surgery Get Rid of 
Your Glasses? by J. Luther Crabb, 190 
pp, with 30 illus, Memphis, Peachtree 
Publishers Ltd, 1988, $9.95. 


According to the description on the 
back cover of this book, J Can See! was 
written by Dr Crabb in an effort to 
provide the prospective radial kera- 
totomy patient with a detailed discus- 
sion of the operation. Dr Crabb's con- 
versational writing style makes this 
text readable and comprehensible for 
these prospective surgical candi- 
dates. 

The book is divided into several 
chapters. The first is “The History of 
Radial Keratotomy," which traces the 
surgery from daVinci to Sato to Fyo- 
dorov. In the next chapter, Dr Crabb 
discusses "The Hazards of Being a 
Myope." With an almost evangelical 
glee, Dr Crabb, himself a reformed 
myope who has had bilateral radial 
keratotomies, describes myopia as “a 
visual handicap which inflicts psycho- 
logical trauma upon those afflicted 
with this refractive error.” 

He describes his own difficulties 
playing high school football without 
his glasses and concludes that "the 
fact of the matter is that nearsighted 
persons are often relegated to profes- 
sions in which myopia is not a handi- 
cap." He describes the hazards and 
disabilities created by wearing glasses 
and asks, "how many fatal injuries 
have been caused because a myope 
was involved in a car accident, lost his 
glasses, and when he extricated him- 
self from the wreckage wandered into 
the path of an oncoming car?" Dr 
Crabb also states that he “was 
amazed by the success stories many 
patients began to share with me on 
their follow-up visits. Indeed, when I 
had the operation myself, I saw my 
own income more than double as I laid 
aside my glasses." 

Dr Crabb discusses contact lenses 
and their complications, including 
endothelial cell loss and concludes 
that many "long-term wearers of con- 
tact lenses ... will need corneal trans- 
plants" when they require cataract 
surgery. The author concludes that 
"within 10 years...contact lens and 
eyeglass wearers will constitute a 
minority among myopes because the 
surgery works. Because it is as safe as 
jet travel." 

After discussing normal ocular 
anatomy and physiology, the author 
reviews the safety of radial keratot- 


omy. He notes that none of his 
patients undergoing radial keratot- 
omy has even had an eye infection and 
that the risk of wound rupture is 
minimal. He does state that overcor- 
rection is "a very significant risk of 
radial keratotomy surgery," but con- 
cludes that “on the issue of predict- 
ability ... I have had a very different 
experience in my own practice." He 
explains that he regards radial kera- 
totomy as a two-step procedure, with 
about 20% of his patients requiring a 
second operation so as to avoid over- 
correction. He claims to have experi- 
enced overcorrection in less than 0.1% 
of his radial keratotomy cases to date 
with this system. 


“If the Prospective Evaluation 


of Radial Keratotomy Study had 
produced results equal to those of 
Dr Crabb...Isuspect radial kera- 
totomy would be the single most 
common procedure in the United 
States today." 


The issue of predictability, even 
with a stepped procedure, is funda- 
mental to the acceptance of radial 
keratotomy by the ophthalmic com- 
munity as a whole. If the Prospective 
Evaluation of Radial Keratotomy 
Study had produced results equal to 
these of Dr Crabb, with 99% of the 
patients able to drive without glasses, 
and 90% having 20/20 visual acuity 
without correction, I suspect radial 
keratotomy would be the single most 
common procedure in the United 
States today. 

The remaining chapters on the 
optics involved in the procedure and 
the details of the author’s techniques 
are well written for the lay audience. 
In general, this book contains much 
information that is useful to the pro- 
spective candidate for radial keratot- 
omy. There is a striking dichotomy 
between the overall message, which I 
have attempted to convey with several 
quotations, and the bold boxes inter- 
spersed throughout the text that con- 
tain a variety of warnings remarkably 
similar to the Surgeon General’s mes- 
sages on cigarette packages. The con- 
troversy of radial keratotomy is far 
from settled, but Dr Crabb has suc- 
ceeded in putting forth his beliefs 
about radial keratotomy in a readable 
fashion. 

MARK J. WEINER, MD 
Boston 
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News and Comment 


Department of Ophthalmology Chair- 
man Appointed at Medical College of 
Ohio, Toledo.— Norman C. Johnson, Jr, 
MD, has been named chairman of the 
newly created Department of Oph- 
thalmology at the Medical College of 
Ohio, Toledo, effective August 1, 1988. 
Dr Johnson, board certified in oph- 
thalmology, is a specialist in pediatric 
ophthalmology and strabismus. 


Obituaries 


Wenshu (Winifred) Mao, MD, 
1910-1988 


On September 1, 1988, Dr Wenshu 
(Winifred) Mao died at the age of 78 
years in Guangzhou, China. When she 
died, Dr Mao was the director of the 
Zhongshan Ophthalmic Center, a 
council member of the Chinese Medi- 
eal Association, past vice-chairman of 
the Ophthalmological Society of the 
Chinese Medical Association, and 
served on the advisory board of Chi- 
na’s Department of Health. She also 
directed the Office of Prevention and 
Treatment of Blindness at the Zhong- 
shan Ophthalmic Center. Among her 
many awards from her government 
were the Distinguished Physician 
Award and the Distinguished Woman 
Scientist Award. 

Dr Mao was born on March 17, 1910, 
in Leshan, Sichuan, China. She stud- 
ied at China Western Union Medical 
College, where she completed her 
internship and residency, was chief 
resident in ophthalmology, and where, 
on her graduation in 1937, she joined 
the medical staff. 

In 1947 to 1948 she was a fellow at 
Children’s Hospital, University of 
Toronto (Canada), and in 1949 she was 
a fellow at the University of Chicago 
(Ill), studying ocular pathology with 
Dr Bertha Klein. 

In 1950 she returned to Guangzhou 
to establish a research laboratory at 
the 100-year-old Department of Oph- 
thalmology at the Lingnan University 
Medical College. She and her late hus- 
band, Prof Chen Yao-zen (Eugene 
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Randall W. Bell, MD, Promoted at 
Wills Eye Hospital.—Randall W. Bell, 
MD, of St Davids, Pa, has been pro- 
moted to associate surgeon on the 
Cataract and Primary Eye Care Ser- 
vice at Wills Eye Hospital Philadel- 
phia, Pa. After receiving his medical 
degree from Cornell University Medi- 
eal College, Ithaca, NY, he served an 
internship and residency in ophthal- 


Chan), and two other ophthalmolo- 
gists were the entire ophthalmic staff 
at this department of ophthalmology, 
the oldest in China. There, the two 
distinguished physicians and educa- 
tors helped establish modern ophthal- 
mology in China. 

In 1954 Lingnan Medical College 
combined with two other medical col- 
leges to form the Zhongshan Medical 
College. Drs Chan and Mao were the 
director and deputy director, respec- 
tively, of the Department of Ophthal- 
mology and established a laboratory 
for applied research in ophthalmolo- 
gy, where Dr Mao taught biochemis- 
try to medical students. In 1965 Drs 
Chan and Mao built the laboratory of 
biochemistry, electrophysiology, and 
pathology at the newly renamed 
Zhongshan Eye Hospital. 

In 1977, after the Cultural Revolu- 
tion, she and her husband went to 
Beijing to become professors at the 
Peking Union Medical College and 
held teaching positions both there and 
at Zhongshan. In 1984, after Dr Chan 
became ill, Dr Mao was named the 
director of the Zhongshan Ophthalmic 
Center, the first eye center in China. 
As director, one of her most impor- 
tant accomplishments was establish- 
ing the first prevention of blindness 
program in China. 

Dr Mao was the author of over 70 
scholarly articles in ophthalmic 
research and served as editor-in-chief 
of the second and third editions of the 
standard Chinese textbook on oph- 
thalmology (Dr Chan edited the first 
edition in the 1950s). 

Dr Wenshu Mao was one of the 


mology at Walter Reed General Hos- 
pital, Rockville, Md. In addition to his 
staff position at Wills, he is chief of 
ophthalmology at Sacred Heart Hos- 
pital, Norristown, Pa, and attending 
surgeon at Bryn Mawr (Pa) Hospital. 


world’s most renowned and best-loved 
ophthalmologists. She will be missed 
by her patients in China and her 
colleagues in the fields of ophthalmol- 
ogy and prevention of blindness 
throughout the world. 

CARL KUPFER, MD 


BIZZELL, James Wooten, 70, Golds- 
boro, NC; University of Maryland 
School of Medicine, 1943; residency, 
Duke University Affiliated Hospital, 
1948; certified by the American Board 
of Ophthalmology; died December 19, 
1988. 


HENRY, Harvey Benart, 87, Pineville, 
La; University of Texas Medical 
School at Galveston, 1922; died May 
19, 1988. 


LHOTKA, Frank Michael, 73, Hinsdale, 
Ill; University of Illinois College of 
Medicine, Chicago, 1941; residency, 
Charity Hospital of Los Angeles 
(Calif), 1942; certified by the Ameri- 
ean Board of Ophthalmology; died 
October 6, 1988. 


SPELLMAN, Clarence William, 80, 
Sequim, Wash; Creighton University 
School of Medicine, Omaha, Neb, 1941; 
died January 29, 1988. 


WOHLRABE, Robert George, 58, Min- 
neapolis, Minn; University of Minne- 
sota Medical School, Minneapolis, 
1954; residency, University of Minn 
sota Medical School, 1958; certified by 
the American Board of Ophthalmolo- 
gy; died November 6, 1988. 
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I Knew... 
I Should Have Called Lombart 


Are you tired of waiting for your instruments Our offices coast to coast allow us to give not just 
to arrive? Have you been delivered excuses instead better service, but the best. 
of what you ordered? You should have listened : < Commitment. Responsibility. Attention 
to your colleagues when they told you to l to detail. Responsiveness to customer 
call Lombart. ^ ' - needs. On-time delivery. Integrity. 
Todays market is flooded with in- | | — Trust. Products customers need. When 
strument dealers. Many are retailers, dE they need them. At a reasonable price. 


labs, or undercapitalized one-man shows 
that disappear as fast as they appear. 
Since 1980, over half a dozen large instru- 
ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
After nearly half a century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses ... 
JUST OPHTHALMIC INSTRUMENTS. 
Our $6 million inventory allows 
"Las to deliver equipment, not excuses. 


'*Y It’s no wonder why... 


NO ONE SELLS MORE THAN LOMBART. 
NO ONE. 


< 
LOMBART 


| N-S ENUN UNS 






LOMBART INSTRUMENT COMPANY + 3335 croft st. * norfolk, va 23513 + FAX (804) 855-1232 + (804) 853-8888 + (800) 446-8092 
LOMBART INSTRUMENT SOUTHWEST * 801 ave. k * plano, tx 75074 * FAX (214) 423-6847 + (214) 881-8303 + (800) 443-0120 
LOMBART INSTRUMENT WEST « 8676 commerce ave. + san diego, ca 92121 * FAX (619) 578-8369 + (619) 578-2020 + (800) 537-2020 
LOMBART INSTRUMENT NORTHEAST « p.o. box 1722 + rutherford, nj 07070 + FAX (804) 855-1232 « (201) 387-0764 + (800) 223-3937 
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"Since 1 out of every 20 people has diabetes, you prob- 
ably know someone who lives with it. 

— . But what you probably don’t know is what it's like to 
deal with diabetes: to have to stick to a diet every single 
day; to constantly monitor your blood sugar level; or to 
take insulin injections several times daily. 

And you probably didn’t know that diabetes can lead 
to other diseases, like heart disease, kidney disease and 
blindness. 

Or, that every year 150,000 die. 

_ Help us find a cure for diabetes. Before you know, 
someone who dies from it. oe 


American + 
A ` Diab cc 
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‘Support the esearch of the 
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Betagan® (levobunolol HCI) 0.5% 
‘Liquifilm® sterile ophthalmic solution with 


C CAP" 
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CATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
hown to be effective in lowering intraocular pressure and may be used 
ents with chronic open-angle glaucoma or ocular hypertension. 
t AINDICATIONS: BETAGAN is contraindicated in those individuals with 
vial asthma or with a history of bronchial asthma, or severe chronic 
bstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
and third degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this product. 
—^ WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically, The same adverse reactions found with systemic 
administration of beta-adrenergic blocking agents may occur with topical 
-.. administration. For example, severe respiratory reactions and cardiac reac- 
. . tions, including death due fo bronchospasm in patients with asthma, and 
y rarely death in association with cardiac failure have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
iac Failure: Sympathetic stimulation may be essential for support of 
culation in individuals with diminished myocardial contractility, and 
bition. by beta-adrenergic receptor blockade may precipitate more 
lilure, in Patients Without a History of Cardiac Failure: Continued 
on of the myocardium with beta-blocking agents over a period of 
an, in some cases, lead to cardiac failure. At the first sign or symptom 
ardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
- produced by endogenous and exogenous catecholamine stimulation of beta, 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
“adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
. general anesthesia in surgical procedures. Some patients receiving beta- 
_ adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
elective Surgery, gradual withdrawal of beta-adrenergic receptor blocking 
“a y be appropriate. If necessary during surgery, the effects of beta- 
blocking agents may be reversed by sufficient doses of such 
as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
id with caution in patients subject fo spontaneous hypoglycemia 
etic patients (especially those with labile diabetes) who are receiving 
oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
kthe Signs and symptoms of acute hypoglycemia. Thyrotoxicosis: 
t energic blocking agents may mask certain clinica! signs (e9., 
tachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause allergic-type reactions 
iding anaphylactic symptoms and life-threatening or less severe asth- 
atic episodes in certain susceptible people. The overall prevalence of sul- 
erieitiity in the general population is unknown and probably low. Sulfite 
5 en more frequently in asthmatic than in nonasthmatic people. 
'eneral: BETAGAN® (levobunolol HCl) 0.5% Liquifilm® sterile 
Should be used with caution in patients with known hyper- 
beta-adrenoceptor blocking agents. Use with caution in 
iminished pulmonary function. In patients with angle- 
immediate objective of treatment is to reopen the 
istricting the pupil with a miotic. BETAGAN has little 
When BETAGAN is used to reduce elevated intraocular 
re glaucoma, it should be used with a miotic and 
akness: Beta-adrenergic blockade has been reported 
































































































GE COMPLIANCE. BETAGAN* WI 


izes confusion for patients on multidose therapy or multiple edicatio 





to potentiate muscle weakness consistent with cel 
(eg., diplopia, ptosis and generalized weakness). ! 
should be used with caution in patients who arer 
blocking agent oo because of the dal 


when a beta-blocker is administered to ius receivi ng pei 
depleting drugs such as reserpine, because of possible additive e 
the production of hypotension and/or marked bradycardia, N 
produce vertigo, syncope, or postural hypotension. oan Studies: | 


concentration. it ubi Re impai 
time oral study in mice, there were statistically signi 
in the incidence of benign leiomyomas in femal 
(14,000 times the recommended human dose for« 
or 50 mg/ kg/day (850 and 3,500 times the hum 
oral study of levobunolo! HCI in rats, there was-a 
(p x 0.05) increase in the incidence of benign. 
administered 12,800 times the recommended h 
Similar differences were not observed in rats adminis 
lent to 350 times fo 2,000 times the recomm 
glaucoma. Levobunolol did not show evidence 
battery of microbiological and mammalian in 
Reproduction and fertility studies in rats showed 
or female fertility at doses up to 1,800 times the reci 
for glaucoma. Pregnancy Category C: Fetotoxicity (a 
number of resorption sites) has been observed 
levobunolol HCI equivalent to 200 and 700 time 
for the treatment of glaucoma were given. No feto 
observed in similar studies with rats at up to 1800 
for glaucoma. Teratogenic studies with levobunol 
25 mg/kg/day (1800 times the recommended hum 
showed no evidence of fetai malformations. There 
on postnatal development of offspring. It appears whe 
using rats and studies with other beta-adrenergic bli 
that fhe rabbit may be a particularly sensitive species, Therearer lequaie 
and well-controlied studies in pregnant women. BETAGAN should be used 
during pregnancy only if the potential benefit justifies the potential tisk to 
the fetus. Nursing Mothers: it is not known whether this drug is excreted in. 
human milk. Systemic beta-blockers and topical timolol maleate are known. 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinicaltrials — 
the use of BETAGAN has been associated with transient ocular burning and - 
stinging in about one in four patients, and with blepharoconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been. 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- 
lowing adverse effects have been reported rarely with the use of BETAGAN: 
Iridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of. 
patients. Although levobunolol has minimal membrane-stabilizing activity, - 
there remains a possibility of decreased corneal sensitivity after prolonged . 
use. The following additional adverse reactions have been reported with- 
ophthaimic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, - 
syncope, heart block, cerebral vascular accident, cerebral ischemia, com- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS) 

SENSES: Signs and symptoms of keratitis, blepharoptosis, visual dis 
including refractive changes (due to withdrawal of miotic th 
cases), diplopia, ptosis. Other reactions ted wi 
selective adrenergic receptor blocking agents should be consider 
tial effects with ophthaimic use of these gent 
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cular Trauma Epidemiology 


bver 2.4 million eye injuries are said to occur 
yearly in the United States, with eye trauma 
third most common ophthalmic indication for 
hospitalization.’ Despite the apparent enormity of 
ie ocular trauma problem, educational and preven- 
tive efforts have been hampered by a lack of under- 
standing of this epidemic. In the United States only 
four population-based studies of eye injuries have 
published,” three of them in the last three 
ars. It is of importance, then, that a fifth popula- 
on-based report by Tielsch et alf appears in this 
ot the ARCHIVES. 


See aiso p 519. 


few years ago ophthalmologists dealing 
ular trauma had no epidemiologic informa- 
to aid prevention and treatment efforts. The 
dilemma has now changed from a lack of epidemio- 
gic data to uncertainty over how to reconcile the 
ious studies into a coherent description of the 
'ular trauma epidemic. It is with this current 
mma in mind that readers should interpret the 

rent report of Tielsch et al. 
ations in population, definitions used for 
n, and methods of data collection have lim- 
larity among these studies. The National 
for Health Statistics' 1971 Interview Survey 
d that in 1977 the United States would have 
oye injuries (defined as injuries restricting 
or at least one day)? Karlson and Klein,’ 
review of emergency department records, 
n annual incidence of 4.23 hospital-treated 
injuries per 1000 population in Dane County, 
sconsin. The Eye Injury Registry of Alabama 
hed a preliminary report in 1987 estimating a 
te of 0.77 serious eye injuries (defined as 
ausing or threatening permanent visual or 
changes) per 1000 population.‘ Glynn et 
lephone sampling method, reported a 
of 9.75 injuries requiring medical 

1 ew w England adults. 

t HIVES, Tielsch and his 
ncidence of 1.32 hospital 


admissions per 1000 population when ocul 
is used as the primary diagnosis, and à higl 
2.73 admissions when ocular trauma is 
either the primary or secondary diagnosi: 
ures used by Tielsch et al are based o1 
statistics compiled by the Maryland State. 0: 
Cost Review Commission.? E. 
Although hospital discharge informatio: 
available for a number of years, no p 
has used this resource to attempt 
epidemiology of ocular trauma. Whil 
make a very convincing presentatio: 
od, they also, quite correctly, offer impo 
for the interpretation of their data. 
payment systems and changes in the accepte 
ria for hospital admission have affected, 
likely continue to affect, the way in which 
cases of ocular trauma are handled, thu: 
future discharge studies toward more se 
ries. A statewide study such as this one is | 
affected both by state residents leaving th 
hospitalization and by patients being "e 
out of state. Severe trauma requirit 
talizations could potentially infla 
same discharge diagnosis is used : 
ization. Finally, the accuracy o 
discharge diagnoses is limited b: 


be applied to any one admission. | 
Despite these limitations, the cui 
a number of important contributioi 
ologic study of ocular trauma. It 
reports in the United States ani 
characterize ocular trauma victim 
ly male (72% to 90% )*” and your 
under 30 years of age.*^* Eos. report 


incidence seem to v 
As the authors no 

valuable study no 

answers the questio 








er ix vision: 


searétieal, an limited funds for preven- 
rts and closer scrutiny by third-party payers 
reimbursement may force many such deci- 
the ophthalmic community. Ensuring that 
cisions are wise will require more studies 
hat of Tielsch et al, continued support for 
yrojects such as the National Eye Trauma 
nd the Eye Injury Registry of Alabama, and 
nteraction among investigators aimed at 
zing the complementary nature of individual 
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Screening for Hepatitis Infectivity Among Blood Donors: A Model for Blood 


Roger Y. Dodd, PhD (Arch Pathol Lab Med. 1989;113:227-231) 
Transfusion-Associated Hepatitis C Virus (Non-A, Non-B) Infection 


Herbert F. Polesky, MD, Margaret R. Hanson, MT(ASCP), SBB (Arch Pathol Lab Med. 


The Duty to Warn About Transfusion Risks 
David E. Willett, JD (Arch Pathol Lab Med. 1989;113:307-310) 
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Vessels Part One: Retina 


I am arteriole. I feed the bed 

of vessels feeding retina in turn. 

I'm capillary. My perfusing thread 

releases fuel, the oxygen to burn. 

The energy replenishing renews. 

But dark can bury day from struggling light. 
Deprived of air, my blood walls bulge, break through, 
the armor weakened, dying in the night. 

I cannot stand alone. To be perfused 

I weave a web more delicate, the lace 

washed transient, blushed deadly when abused 

_by passing red cells, bleeds, obliterates. 

: And vessels in their nightmares membranes make, 
 proliferating, pulling, tearing, break. 


I am a venule waiting for the source 

. of nourishment arteriole provides. 

. We share a common crossroads in our course; 
the column structured close beside me rides 
and wraps around my walls in red caress, 

then late in life it stiffens, cuts supply. 

Some call our crossing treacherous. I profess 
for me it's brief communion, running shy 

of full occlusion usually, until 

the flow is stopped, and outcasts seeping spread 
metabolites through leaking walls. They fill 
surrounding tissue, swelling river bed. 

And when the river closes, bright turns gray 
then dark. Blocked meshwork smothers light from day. 


Look to the laser, lighthouse on the shore. 
It beams across the sea for salvage, seals 
the leaks in sinking vessels. Coral floor 
it bleaches, red anemones anneals. 
The lightpipe, submarine to scope the seas, 
directs the needle, guillotine to cut 
the veils, the membranes, traction to release. 
The shrouds are parted, channels opened, but 
the passage dims. The veils which shimmered fade, 
and vessels' tangled weavings, fibrous chain, 
have strangled life from light. No cutting blade 
can save the eye from darkness, murky pum 
So vision by its dying disappears, z 

and brain is dise 
































ear Follow-up 


es (7990). 1 Before surgery, the mean 
herical equivalent was —5.0 diopters 
ie years after surgery, the mean 
the spherical equivalent was 
ind 53% of eyes were within 1D 
opia. Uncorrected visual acuity 
O0 or worse in 96% of eyes 
ery. At five years, 3696 had 
uity. or better, and 75% were 
ter. Best corrected acuity 
st 20/20 in 90% of eyes before 
five. years, 85% retained at 
20. best corrected acuity. 
ome. patients still have shown 
ind visual acuity changes 
years after surgery, the over- 
5 been stable. 

9j thalmol 1989;107:506-511) 








r of ongoing, prospective 
es of radial keratotomy (RK) 
ed results that document 
nd effectiveness through 
r surgery. More recent 
resenting results from 
ve years after surgery, 












| , Refractive, and Keratometric Results 


idial Keratotomy 


rowsmith, MD, Ronald G. Marks, PhD 


have documented some instability of 
results and have shown a continued 
increasing effect of surgery. Other 
publications have documented the 
predictability of RK,^? patient satis- 
faction, *” results of reoperations, “7 
and complications of surgery. 
This article presents the five-year 
results of the first 156 RK surgeries 
performed by a surgeon (P.N.A.) from 
December 1980 through ne 1981. 
Refractive, keratometric, and visual 
acuity results are presented for the 
five-year postoperative time period. 
In addition, yearly changes from 
before surgery through one and three 
years are documented and compared 
with five-year results to determine 
the stabilization process for RK over 
time. À comparison of these results in 
our study is made with other long- 
term studies of the Prospective Evalu- 
ation of Radial Keratotomy (PERK) 
group," Sawelson'^^ and Deitz.“ 


SUBJECTS AND METHODS 


This study reports five-year results on 
the first 156 RK surgeries performed on 
101 patients. The five-year data are from 
reexamination of 123 eyes (79%), with an 
average time after surgery of 5.2 years and 
a range of 4.7 to 6.4 years. Ten eyes from 
seven patients were examined at five years 
by another ophthalmologist as these 
patients had moved from the area. The 
three-year data reported here are from 94 


eyes (60%), with an average time after 


surgery of 3.1 years and a range of 22 to 3.7 
years. 
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original surgery. One additional eye ‘had ü uc. 
reoperation 2.5 years after the original 
surgery for induced astigmatism, and 
three- and five-year follow-up data were 
obtained for this eye based on the original 
surgery date. Both eyes of another patient 
had reoperations shortly after the three- b- 
year visits for residual astigmatism; how- 
ever, no five-year follow-up data were 
obtained on either eye. One other eye had a 
reoperation shortly after the three-year 
visit for induced astigmatism, and a five- 
year follow-up visit was obtained. 


RESULTS 
Comparison of Cases Seen and Not .. 
Seen at Three Years 


Our 6-, 12-, and 24-month published U 
results had follow-up rates of 10096, |. 
100%, and 91%, respectively, and the ~ 
follow- -up rate at five years has been ~ 
1995. Although the primary objective 
of this study is to evaluate the five- 
year results of RK, it is of interest to « 
report interim three-year results for — 
this series of eyes as well. The overall 
follow-up rate at three years was = 
6095, which was lower. than other . zi 



























patients n were not 
mine whether any bias 
















st eco ae methodology and protocol for this Pe 
Bh study have been described." Twelve 

(Dr. reoperations were performed on this series. 
pre of eyes within: the first year after. Me sogu 





| years, the. average ame m s m 


a "atatiatical signif 

used to minimize the 

mificance level? None of 

1s made were statisti- 

‘ant. The conclusion to be 

is that the eyes seen at 

S seemed to be very repre- 

'e of the overall group of 156 

ind three-year results reported 

his article should be typical of all 


‘Refractive Keratometric, and Visual 
Results 


le. 1 presents the five-year 
rical equivalent (SE) results, 

ith three-year results and ear- 

ished preoperative and one- 

esults? for comparison. At five 

after surgery, the average SE is 

30 diopters (D) for 123 eyes, with a 
mean change of 5.17 D from before 
“surgery. Fifty-three percent of eyes 
are within 1 D of emmetropia, 8% of 
eyes have more than 2 D of residual 
myopia, and 12% of eyes have more 
than 2 D of hyperopia. At three years 
‘ter surgery, the average SE of 94 
is 0.08 D, with an average change 

E of 5.13 D. Fifty-nine percent 

ire within 1 D of emmetropia, 

have more than 2 D of 

nyopia, and 12% of eyes have 

n2 D of hyperopia. The Fig- 

presents a scatterplot of the 
ange in the SE at three (left) and 

— five (right) years vs the amount of 
— preoperative myopia. These plots 
.Show the relationship between the 
preoperative SE and the effect of sur- 
gery at these yearly periods after sur- 


ble l also presents the five-year 
metric results, along with other 
ratometric results. The aver- 
ratometry at five years is 39.47 


40.04 D, and the average change from 
before surgery is 4.04 D. A regression 
analysis comparing the change in the 
SE with the change in keratometry 
showed a 1.20-D change in the SE for 
each 1-D change in keratometry at 
five years and 1.24-D change at three 
years. 

Table 2 presents uncorrected and 
best corrected visual acuity results 
from before surgery through five 
years after surgery. At five years 
after surgery, 37% of eves seen had 
20/20 uncorrected visual acuity, and 
76% were at least 20/40. Note that one 
eye had only 20/100 best corrected 
acuity at the five-year visit. This was 


Preoperative 
(n = 156) 


Mean 

SD 

Minimum 

Maximum 

Change in mean SE 


SE range vs % of eyes 
Myopia > 2.0D 


ite = 2.0 D 
0.0-~1.0D 
+0.1-+1.0D 
+1.1-+2.0D 
+2.1-+40D 
Hyperopia > 40D 


AverageK,D tw 
Mean 
SD 
Minimum 
Maximum 
Change in mean K 
A SE/AK 


ported irreg 

as macular w 

after surgery, 3 

20/20 uncorrected ^ 

78% were at least 20/: 
after surgery, the mean 
Snellen's lines of impr 
8.5, with a range from on 
of improvement, with a « 
the counting fingers ran 
representing one line of Sn 
ity change. At three yea 
gery, the mean number. 
lines of improvement wa; 
range of one to 13 lines 
ment. At one year, the m 


*n indicates number of eyes; SE, spherical equivalent; D, diopters; and K, keratometry 


Plots at three (left) and five (right) years after radial keratotomy surgery show change in spherical 
equivalent (SE) before and after surgery. ideal result is one that falls on diagonal emmetropia line. D 


indicates diopters. 


Overcorrection 


" No Effect 


, Change in SE 5 y After Surgery, D 


Partial Effect — 
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BCVA (Preop-5 y) UVA (1-5 y) 



















Better / De- Better / De- 
Same creased P ame _ creased p 
sponse variables — "777 
—5.03 -7.31 003 -523 6.50 63 
1.04 0.86 40 094 108 36 
-4.51 -6.88 00] ~4.76 -4.96 noO 
I 43.87 43.57 (392. 44.01 43.59 05 
nx ; Apu: at time of 
surgery, y 003 30.00 30.78 59 
se Variables _ CUM 
OZS, mm 33 oO 02 3.32 à à 324 -36 
_ING, No. 10.98 1378 01 1061. 12.21 04 
|. DEPTH, % 91.90 95.17 01 9190 92.81 33 
: SEC, No. 0001 4.16. 4.78 1.59. 
C 1.47 0.97 4.9 
l -0.41 -0.46 88 
079  — 1.24 .0005 _ 
-0.02 0.18 55 
0002 4.75 — 5.12 43 - 
i 40.34 39.64 08  — 
Ra CMM. ARS PT 
M 010 OOOO 0.24 16 
911 029 06 
(05 _ 0.05 0.31 03 
0.02 -0.28 43 - 
B 0.68 1.29 0001 
0 0.36 0.37 99 
0 5.13 5.33 70 - 
l 39.70 39.10 17 
4.31 4.50 63 
0.07 0.20 08 
0.13 0.46 004 
0.03 0.16 03 


parameters i is also given. BCVA ind 
: . K, average keratometry; OZ 
incision depth as a percentage 
number ot tertiary i incisions 
change: in | keratometry: i 


ates best corrected visual acuity; D, diopters; SE, spherical equivalent: Av 
optical zone size; INC, number of primary incisions; DEPTH, intended 
neal: thickness; SEC, number of secondary incisions in redeepening; TER, 
ed pening; Change SE, change in SE from before surgery to onie year; Change 
afore- sutgery. to one year; and FV, fluctuating vision. 
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. *A comparison of 58 cases with: decreased vs 62 cases with same /better uncorrected visual acuity (UVA) . 
between. one and five years. after Surgery on preoperative (Preop), surgical, and. postoperative (Postop) - 








m zero to 13 


Analisis. ot change n Acuity at Five 
Years: 


For the 123 eyes seen at both the * 
one- and five-year visits, two had no 
uncorrected acuity recorded at five 
years since they were seen by another — 
ophthalmologist. For the 121 eyes 
with uncorrected acuity at both time 
points, 59 (49% ) showed a decrease in 
uncorrected acuity from o ve 
years after surgery. Also 
(15% ) showed a decrease ii 
rected acuity from before 
their five-year visit. An analysis was 
carried out to determine the fa a 
related to drops in either uncorrected 
or best corrected acuity. 

Eyes were divided into two groups: : 
one group was defined as eyes losing 
uncorrected acuity between on 
five years after surgery (n = 59 
remaining eyes were in the secon 
group (n = 62). Table 3 present 
results from a comparison of these- 
groups on a number of preoperative, 
surgical, and postoperative parame- 
ters. The statistical test used in each 
analysis is a two-sample f test since 
the sample size in the decreased best 
acuity group was only 18. k 

The results indicate that eyes with 
flatter corneas preoperatively were 
more likely to lose uncorrected acuity 
between one and five years. There was 
no difference between the groups 
based on preoperative refraction or 
age. Eyes with decreased acuity aver- 
aged two more incisions than eyes 
that did not lose acuity, a statistica 
significant difference (P < .03),. 
no other surgical parameters show M 
significant differences between the 
two groups. Eyes with more cylinder 
at one year (1.24 vs 0.79 D) and flatter 
corneas (39.64 vs 40.34 D) were more 
likely to lose uncorrected acuity 
between one and five years. There was ` 
no difference in one-year myopia 
between these two groups. Also, eyes 
with reported fluctuating vision and 
ghosts at one year were more likely to 
experience a loss of uncorrected acu- 
ity between one and five years. 

The same factors are significant at 
five years as at one year, except. kera- 
tometry is not quite statistically sig- 
nificant, and eyes with reported glare 
were more likely to have lost uncor- 
rected visual acuity between one and 
five years. 

A similar analysis was repeated for 
best corrected acuity. One group wag 
formed for the 18 « e 1 































F OE & Marks 


. Table 3 also presents the 

$ of this analysis on the same 
parameters. Eyes with more preoper- 
ative myopia (sphere, —7.31 vs —5.04 
D; SE, —6.88 vs —4.52 D) were more 
ikely to lose best corrected acuity, as 
well as older patients (age, 35.2 vs 29.4 
s). All surgical parameters 

ad statistically significant re- 

d in each case, eyes with the 

gery in terms of the smallest 

ne, greatest number of inci- 

leepest incisions, and most re- 
epening tended to be more likely to 
‘best corrected acuity. At both one 
and five years after surgery, eyes with 
1e greatest reduction in myopia, flat- 
it corneas, most flattening of the 
ea, the fluctuating vision were 

e likely to lose best corrected acu- 

. addition, eyes with more 

d ghosts at one year were more 

lose best corrected acuity by 


t . Complications 


1 presents frequencies of the 

tions, ie, glare, fluctuating 

in; and ghosts, at each yearly time 

nt. Ninety percent of eyes have no 

glare reported at five years which is 
. comparable with one and three years. 

^ The remaining eyes were most likely 

- to have reported trace or occasional 

glare at five years, whereas eyes at 
"earlier years were more likely to have 

reported mild glare. Seventy-nine per- 
T of eyes had no reported fluctuat- 

sion at five years which is also 

htly from earlier years. 

ent of eyes | had reported 


eyes had no reported ghosts which is 
similar to eyes at one year but less 
than eyes at three years when 99% of 
eyes had no ghosts reported. No infec- 
tions or other serious complications 
occurred in this group of eyes during 
this three- and five-year follow-up 
period. 


COMMENT 
Refractive Findings 


In this study, we present the five- 
year findings on 123 of the first 156 
RK surgeries performed by a surgeon 
(P.N.A.). The results show some con- 
tinuing effect of surgery through 
about three years after surgery 
although most of the effect of surgery 
occurs in the first six months. In an 
earlier study," we showed an overall 
average increase of 0.23 D in the SE 
between years 1 and 2, which was 
statistically significant (P < .0019). 

A concern of progressive hyperopia 
was raised by Deitz and colleagues’ 
when they demonstrated a 0.53-D 
increase in refraction between one 
and four years after surgery in their 
original series of eyes. Because they 
only presented the change from one to 
four years in that article, it is 
unknown whether the refractive 
change occurred during the entire 
three-year period or occurred, for 
example, entirely between one and 
two years and then stabilized. Deitz 
and Sanders'* have also reported “ 
even stronger trend toward progres- 
sive hyperopia” at two years in a later 
series of patients who had surgery 
with a diamond knife. Their conclu- 
sion was based on an average increase 
in the SE of 0.28 D between one and 
two years after surgery. Their dia- 
mond knife results are not different 
than our published change between 
one and two years with the metal 
blade, so we would not conclude these 
diamond knife results to document 
more evidence of progressive hyper- 
opia. Also, their diamond knife results 
must be questioned because they are 
based on only a 30% follow-up rate at 
two years. 

Published results from the Arrow- 
smith and Marks,” and Sawelson and 
Marks,^" studies at more frequent 
yearly intervals indicate a smaller 
surgical effect than that reported by 
Deitz and coworkers? in their original 
study. The Arrowsmith and Marks" 
and Sawelson and Marks" studies 
documented that small refractive 
changes continue through two years 
in many patients and through three 
years? in higher myopes who had 
more surgery in terms of more and 
deeper incisions and the smallest opti- 


years. "The PERK. 

much smaller. refraetii 

that shown by Deitz ; 
between one and three y 
PERK data will be neede 
mine their stabilization pat 


Keratometric Findings 


Keratometry measuremet} 
ued to decrease through a 
of follow-up, indicating i 
flattening of the cornea. H 
validity of the keratotomy 
ments must be carefully con 
light of the aspheric shap 
cornea following surgery. 


Visual Acuity Findings 


Visual acuity results are 


because of the phenomena. 8 
which patients see better tha: 
refraction indicates, a phe: 
also noted by the PERK stud; 
“a good visual outcome. 
always mean a good refractive 
From years 2 through 5, abe 
the eyes in our study see 20, 
year, and about 75% 0 
least 20/40 each yea 
Marks" reported a slig 
the percentage of eye: 
better over time, going fr 
one year and 70% at two ye: 
at three years? but then dro 
62% at five years.^ The PERK 
reported that 78% of eyes had at 
20/40 at one year after surger 
76% at three years." Deitz and S: 
ers did not report visual aei 
results in either study of lon 
results. : 
An analysis of cases that : 
corrected acuity showed that 
with higher levels of pr 
myopia and who received m 
gery were more likely to. 
corrected acuity at five yea 
surgery. Also, these same p. 
experienced more flatten ig 
cornea after surgery whic 
pected since they had the mos 
tive change. Due to the aspheric 
of the cornea following surge: 
fine distinction between 20/20 
20/25 may be lost in these p 
who have experienced. the most 
tening. At six months,' non 
patients in this series had lo: 
corrected acuity; at one yea; 
DP had: a oss, (6%) had à 


had’ a ps of es 15% jecur 
five years. Table. 5 summ. 
refractive and. visual acuity es 










5-y Postoperative Results 
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7 orrected acuity. Also shown in Table 
5 are the surgical parameters for 
rte. Twelve (67% ) of 
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Saweison and Marks,!? 1987 
Deitz et al, 1984 










* RK indicates radial keratometry. 


Fifty-nine eyes (49%) lost some best corrected acuity. Sawelson and. - 
uncorrected acuity between one and Marks did not demonstrate an age 
five years after surgery. One conclu- effect in the loss of best corrected - 
sion from this analysis of factors acuity. 
related to the loss of uncorrected acu- 
ity is that eyes with flatter corneas 
before surgery were more likely to 
lose some uncorrected acuity. Also, From these refraction results and a 
eyes with more incisions and more comparison of the protocols of the 
cylinder after surgery were more like- PERK,” Sawelson and Marks," and 
ly to lose some uncorrected acuity at Deitz et al? studies with our protocol, 
five years after surgery. it appears that one unexplained dif- 

Sawelson and Marks" reported that ference is that Deitz and Sanders: 
eyes most likely to lose best corrected have obtained the most long-term 
| ced results nie in acuity were the same eyes most likely ^ continuing change in refraction, while 
dicate that most of the eyes to gain in uncorrected acuity, eyes — Sawelson and Marks’ and the PERK 
one or two lines of best with more myopia, and eyes receiving study” have shown the most stability 
acuity made up for that more surgery. They showed that eyes of effect after one year. Our. results. 
s sick pana in refrac- most likely to lose uncorrected acuity seem to be somewhere between the 
" were an average of 7.5 years older and results of the other studies. To try and 
about 40 years old five years after ^ explain these differences, we com- 
surgery. In our series, age was not a. ken bicis incision depth data 
factor in the loss of uncorrected acu h 
. ity. Age wasa factor i in the loss of best 

in corrected acuity in our series in tha 
sing . patients who lost best corrected acu 
nat ity were, on average, about six years — de 

_. older than patients who did not lose — stu 


incision Depth as a Factor in Difference 
Between Study Results 


Lar uncorrected acuity reported 
‘be est co corrected acu This result 




































to consistent agree- 
rgeons. We have iden- 
ow incisions as those 
ss than 50%, shallow 
those between 51% and 
rately deep incisions as 
een 76% and 90%, and very 
ions as those with an aver- 
h greater than 90%. From 
6, we see that Sawelson and 
s" had 15% of cases with very 
'w incisions and an additional 
% of cases with shallow incisions, 
le this present study and Deitz et 
had no very shallow incisions, and 
-and 3% of eyes, respectively, 
llow incisions. Sawelson and 
? reported that only 17% of 
ases had very deep incisions, 
-the present study reported 44% 
ases with very deep incisions, and 
Deitz et al’ reported 60%. In their 
study, Deitz and colleagues’ further 
. reported that 25% of their cases had 
an average incision depth greater 
sg. than 95%. Deitz et al probably 
. achieved deeper incisions than our 
‘cases due to their reported wound 
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s spreading in early cases and their e 
skating technique (recutting with no 


change in blade setting) in later cases. 
This skating technique is a form of 
redeepening that was performed on 
all eyes for which deep incisions were 
desired and would lead to more surgi- 
cal effect for a longer period of time 
than other studies. Whereas Arrow- 
smith et al! and Deitz et al’ frequently 
tried for very deep incisions, Sawelson 
and Marks" always tried for an inci- 
sion depth between 80% and 90%. It 
seems that a depth between 80% and 
90% leads to a permanent result that 
will stabilize faster than exceptional- 
ly deep incisions. 


Overall Conclusion 


Overall, we conclude that refractive 
results of the patients who underwent 
RKs in our series seemed to stabilize 
about two years after surgery and 
have remained stable through five 
years after surgery. Most of the con- 
tinuing effect of surgery after two 
years has been in eyes that had the 
most residual myopia, and these eyes 
would be the ones that also had the 
most surgery in terms of the most and 
deepest incisions, as well as the small- 
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shape of the cornea and th 
the knee that seems to be 
over time. The visual ac 
also show overall stab: 
some individual eyes ares 
improvements or decrease 
acuity. = 
Although some refracti 
ity results are changing 
after RK surgery, the ov 
appear to be stable. Als 
these patients are now fi 
six years past surgery, 
refractive and acuity chang 
considered in light of nor 
logical changes during this 
od, as well as changes due 
Overall, these results indica 
be safe and effective thro 
years after surgery for 
majority of patients in thi: 
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F reviously we have analyzed photo- 
tographs. to determine the topogra- 
of congenital, acquired, and surgical- 
od deformations of corneal shape. 
le, we survey the variety of 
found in both eyes of 22 
ith normal corneas. The 
ee /f correlation of the distribution of 
eal power around the visual axis was 
triking for both eyes of 18 of the 22 
dividuals, as was the variability of the 
orneal topography of different individu- 
s. The average centrally weighted cor- 
3 rmined from the photo- 
rrelated well with the 
Mric corneal power 
g the topographic fea- 
of normal corneas, 
to diagnose corneal 
nderstand the role 
the degradation of 


| 1989;107:512-518) 
more than a century since 


estigators first realized that the 
he. major refracting surface 






e Topography of Normal Corneas 


en. A. Dingeldein, MD, Stephen D. Klyce, PhD 


was. determined 


ellipsoidal. Aubert?’ was the first 
to propose the idea that the normal 
cornea could be divided into two 
zones: a central zone that is spherical 
and a peripheral zone where the cor- 
nea gradually and progressively flat- 
tens toward the limbus. More recent 
investigations’ indicate that the 
shape of the normal cornea is more 
complex than it was previously 
thought to be. 

Computer - assisted photokerato- 
graphic analysis? has been used pre- 
viously to describe the corneal topog- 
raphy of pellucid marginal degenera- 
tion’ and keratoconus* and to analyze 
the topography of eyes following 
refractive surgical procedures for 
myopia.5*? The results of these studies 
have proved useful in helping to 
understand visual and refractive 
results following surgery^* and in 
guiding changes to be made in surgi- 
cal technique in the attempt to 
improve the clinical outcome. 

This article presents the topogra- 
phy of the corneas of 22 subjects with 
uncorrected visual acuity of 20/20 or 
better, no history of contact lens wear, 
and no evidence of corneal abnormali- 
ty. The goals of the study were to 
survey the range of variation of shape 
found in normal, emmetropic corneas, 
and to begin to compile an archive of 
data from normal corneas to be used 
in further quantitative studies of the 
relationship of corneal shape to visual 
acuity. 


PATIENTS, MATERIALS, AND METHODS 


The photokeratographs of 44 eves of 22 
individuals were analyzed using a com- 
puter-assisted method described previous- 
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lens wear, ocular trauma, or evidence of 
corneal abnormality in either eye. Kera- 
tometric readings were obtained with an - 

AO (American Optical) keratometer by a 
clinic technician for both eyes of 11 of the : 

22 subjects. AR 

The LSU corneal topography amos. Hr 
system was used to analyze the photokera- 
tographs. Each original photograph was 
made on black and white film (Polaroid 
type 611) using a photokeratoscope (Nidek 
PKS-1000 [Nidek Inc, Palo Alto, Calif]). 
The original photographs were enlarged " 
x5 and were traced by hand ona digitizing ^. . 
graphies tablet (Houston Instruments, 
model DT-11, Austin, Tex). Between 5000 
and 8000 data points were entered for 
analysis using this method. These data 
were used to reconstruet the three-dimen- 
sional shape o? the analyzed cornea from 
which the radius of curvature was caleu- 
lated for selected points (up to 1980). Also, — = 
dioptric values were computed using the .. 
standard keratometric index of refraction 
of 1.3375, which assumes a uniform corneal 
thickness and refractive index. 

Data are presented graphically. One fig- 
ure plots corneal power (rounded to the 
nearest whole number) from selected 
points on six meridians. The unweighted 
average of the power of the central three x E. 
rings (roughly equal to the area measured ^^^ 
by a keratometer) is recorded in the center 
of the innermost ring. The area encom- 
passed by the first ring, which contains the | 
visual axis, could not be analyzed with the — 
keratoscope used. A second figure is a - 
color-coded contour map of the distribu- 








. nantly tempora to xation. Comea flattening B 
. more. KE nasal 1 to line of Sunt re , 
oe tom, Power piot: d "mous 











SUPERIOR 








5 | 5 
librus: J 
MM bu y 
S p Nu : 
» 
; s. t 
3 A A 3 
x x 3 
> ab 
1 I 
0 NASAL 
k -1 Hi 
-2 "ET 
3 * 
-4 -4 : 
-5 -5 
Saa ex; = =f 0 1 e 3 4 9 
Distance (mm) 
5 POWERS (D) 5 
i 40 j 
40 41 * 
41 
41 40 
3 41 41 40 3 
41 41 41 
41 41 41 40 
2 40 41 41 4 41 44? e 
4g (d. “So M 49 4 
41 41 41 41 
1 "a o g y” : 
42 e’ 
0 40 4141414141 41 41 42 42 42 42 42 4141 40 39 3838 0 
42 41 
42 
v 41 42 41 42 - 
$ M EL C al 
41 UE US 4039 
-2 41 41 4 4 38 -2 
41 41 44 41 37 
41 41 41 
© 41 41 41 A 
3 41 4 40 ? 
40 41 à 
-4 4i 4 
M -5 


esas E E - 0 1 e 3 4 5 
Distance (mm) 


Arch Ophthalmol— Vol 107, April 1989 


TIL ttil Itti 





Ad T 





wv 





,* 





-4 - -2 -1 0 
Distance (mm) 


POWERS (D) 


- 38 38 39 39 4040 40 41 409 (40.9) 414141 41 414141414040 
40 41 


edm sg. es, P 0 1 e 3 E 5 


Distance (mm) 


Normal Corneas —Dingeldein & Klyce 





TEMPORAL 


513 


33.5-35.0 35.1-36.5 36.6-38.0 38.1-39.5 39.6-41.0 41.1-40.5 42.6-44.0 44.1-45.5 45.6-47.0 47.1-48.5 48.6-50.0 





: SUPERIOR 
yashani li j 
4 VALA / 44,7 
3 
2 
1 
0 
-1 
-2 
-3 
-4 
-5 
-5 -4 -3 -2 -1 0 1 2 3 å 5 
Distance (mm) 
5 POWERS (D) 
4 £ 41 
- 41 ad 
3 42 43 a: 
42 44 - 41 
2 41 43 44 44 43 
4145 44 45 44 44 
42 “ a — € 44M 
43 44 45 44 
43 44 44 
1 43 u "ET 
4 a u“ 
0 - 42 42 42 424343 43 43 43 44444444444444 44 43 
44 44 
à ae us a m 
Ann 44 44 
4A aa 344 7 da 45 
ad E da aa 45 
-2 - 44 44 44 44 
44 e 45 
4 
-3 45 45 45 
74 44 
-5 


"D a rmi ceo ui 0 1 e 3 4 5 


Distance (mm) 


514 Arch Ophthalmol— Vol 107, April 1989 











E 
4- 
SUPERIOR 
KETT LLLI LELI IF 
I 785 welts, 
e A= TEMPORAL 
b 


-5 -4 -3 -2 -1 0 1 2 3 4 5 
Distance (mm) 


POWERS (D) 


AS 43 


40 42434343 43 43 42 42 43 43 43 43 434343 43 43 


43 43 


a -4 -3 -2 -1 0 1 e 3 4 5 
Distance (mm) 


Normal Corneas —Dingeldein & Klyce 





Fig 3.— Top, Photokeratograph of left eye. 
Center, Color-coded topographic map. Area of 
highest power is inferior to visual axis. Bottom, 
Corneal power plot. 


Fig 4.—Left, Photokeratograph of left eye. 
Center, Topographic power map shows that 
area of highest corneal power is superotem- 
poral to line of sight. Bottom, Power plot. 





tion of corneal power. Eleven color combi- 
nations are available to construct each 
map, with a minimum contour interval of 
1.5 diopters (D). Warm colors denote high- 
er corneal powers and cool colors represent 
lower corneal powers. For this study, a 
uniform power range that encompasses the 
normal range of surface powers was cho- 
sen to facilitate comparison between 
eyes. 

Weighted values of the power and axis of 
the steepest and flattest meridians of each 
cornea were calculated from the topo- 
graphic data as was the power of the 
meridian orthogonal (90?) to the steepest 
axis. Weighting was accomplished empiri- 
cally in a fashion that gave more bias to 
the values obtained from the central cor- 
nea than the values from the peripheral 
cornea. This was done by dividing powers 
at individual mire positions by their corre- 
sponding mire area and multiplying the 
sum of the latter by the sum of the mire 
areas. The amount of absolute corneal cyl- 


. inder was reported only if it was clinically 


relevant to visual acuity (Z1 D). These 


results were compared with the clinical 
data obtained with the keratometer. 


RESULTS 


The mean (€ SD) diameter of the 
area analyzed in the 180? meridian for 
the 22 right eyes was 8.55 + 0.59 mm 
and for the 22 left eyes was 8.44 — 
0.74 mm. In the 90? meridian, the 
mean diameter of the area analyzed 
was 7.61 + 0.82 mm for the right eyes 
and 7.70 + 0.78 mm for the left eyes. 
The diameter of the areas analyzed 
ranged from 7.1 to 10.0 mm in the 
horizontal meridian and from 5.0 to 
9.] mm in the vertical meridian. In 
general, for flatter corneas, a larger 
area of the cornea could be analyzed, 
and for steeper corneas, a smaller 
area of the cornea could be analyzed. 
Commonly, less of the nasal and supe- 
rior cornea could be imaged due to 
eclipse of the keratoscope mires by the 
nose, brow, and upper eyelid. The 
mean (+ SD) centrally weighted aver- 
age surface power determined by 
analysis of the photokeratographs 
was 42.86 + 1.53 D (range, 40.3 to 46.7 
D) for the 22 right eyes and 42.82 + 
1.59 D (range, 40.2 to 46.10 D) for the 
left eyes. 

All the corneas examined were 
steeper centrally and flattened pro- 
gressively toward the limbus. In 29 of 
the 44 eyes, the corneal flattening 


began closer to fixation on the nasal 
side. In 15 eyes, the degree and rate of 
flattening appeared to be symmetri- 
cally distributed. In no eyes did the 
cornea flatten more rapidly temporal- 
ly than nasally. 

The precise location of the point of 
greatest corneal power (shortest radi- 
us of curvature) could not be deter- 
mined in all corneas with the kerato- 
scope used. The location of the area of 
shortest radius of curvature varied 
considerably from subject to subject 
with respect to the point where the 
apparent line of sight intersected the 
cornea (visual axis). The area of 
greatest power surrounded the visual 
axis in 23 eyes (Fig 1), was predomi- 
nantly temporal to the visual axis in 
12 eyes (Fig 2), predominantly inferi- 
or to the visual axis in five eyes (Fig 
3), and predominantly superior to the 
visual axis in four eyes (Fig 4). In no 
instance was the area of greatest pow- 
er located predominantly nasal to the 
visual axis. 

Despite the large amount of varia- 
tion in the topography among the 
subjects, there was considerable simi- 
larity in the distribution of corneal 
power around the visual axis of the 
right and left eyes for 18 of the 22 
subjects. The topography of one cor- 
nea was often the mirror image of the 
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Fig 5.—Color-coded topographic map of right eye of same patient 
depicted in Fig 6. Compare with Fig 6 and note mirror image symmetry 
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Fig 6.—Color-coded tomographic map of left eye of same patient 
depicted in Fig 5. Compare with Fig 5. 
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topography of the fellow eye (Figs 5 
and 6). 

The weighted average surface pow- 
ers determined from the photokerato- 
graphs correlated well with the aver- 
age keratometric powers for the eyes 
of the 11 subjects who had keratome- 
try performed (r = .96, P < .001) (Fig 
T) The mean (+SD) difference 
between the weighted average surface 
powers (from the photokeratographs) 
and the average keratometric powers 
was 0.39 + 0.27 D (range, 0.0 to 0.9 D; 
Table). Four eyes had 1 D or more of 
corneal cylinder measured by kera- 
tometry and three of these four eyes 
also had 1 D or more of corneal cylin- 
der by analysis of the photokerato- 
graph. Two eyes that were determined 
to have 1 D or more of corneal cylin- 
der by analysis of the photokerato- 
graph had less than 1 D of cylinder by 
keratometry (0.75 and 0.50 D, respec- 
tively). In the five eyes that had 1 D or 
more of corneal cylinder (determined 
by analysis of the photokerato- 
graphs), the mean difference between 
the location of the steepest and flat- 
test axes was 64° + 15.3°. 


COMMENT 


The first use of keratoscopy is 
attributed to Father Christopher 
Scheiner,'? who, in 1619, compared the 
size of the image formed by the cornea 
with that formed by a series of differ- 
ent sized marbles. Henry Goode" 
described the first keratoscope in 1847 
as "a small luminous square held a 
few inches from the eye." In 1880, 
Antonio Placido introduced a kerato- 
scope with a faceplate made of con- 
centric black and white bands and a 
hole in the center through which the 
reflected image could be viewed. Plac- 
ido was also the first to photograph 
the image formed by the cornea. 
Quantitative analysis of photokerato- 
graphs was first done by Gullstrand? 
in 1896. 

Interest in accurate analysis of nor- 
mal corneal shape renewed with the 
widespread use of corneal contact 
lenses. Mandell,'' Wittenberg and 
Ludlam,? Knoll et al? and Clark’ 
were among those who derived quan- 
titative information by analyzing ker- 
atoscopic images. The advent of 
refractive surgery likewise renewed 
interest in the analysis of keratosco- 
py. In 1981, Doss et al? introduced a 
mathematical formula for calculating 
the corneal profile from photokera- 
toscopic images. Cohen and asso- 
ciates™ developed a method for ana- 
lyzing photokeratoscopic images to 
develop statistical indexes that de- 
scribed the geometric distortions of 
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Keratometry, Diopters 


Fig 7.—Correlation of average central corneal power using photokeratoscopy and kera- 


tometry. 


the reflected mires. In 1984, Klyce 
introduced the method used in this 
study to analyze photokeratoscopic 
data. Recently, a color-coded topo- 
graphic map was added to aid in clin- 
ical assessment along with more rig- 
orous algorithms to improve the accu- 
racy of the analysis.* 

For almost 100 years, most investi- 
gators have agreed that the normal 
cornea is aspheric and is flatter in the 
periphery than in the center. It has 
also generally been agreed that the 
central cornea is more spherical than 
the peripheral cornea. This has led 
many investigators, beginning with 
Aubert,'»*2 to divide the cornea into a 
central spherical or toroidal zone (op- 
tical zone or apical cap) and a periph- 
eral aspheric zone in which the cornea 
progressively flattens. This concept is 
still popular in some current text- 
books." 

The size and location of the central 
spherical (or toroidal) area are con- 
troversial and depend on the defini- 
tion used to determine it. Mandell? 
defined the corneal cap to be the “cen- 
tral corneal area of maximum and 
constant meridional curvature.” 
Ericksen** determined the apical 
cap to be 4 mm horizontally, defining 
the apical cap as the area that varies 


by more than 1 D. Soper et al^ 
described the use of a modified kera- 
tometer (Bausch and Lomb) to deter- 
mine the extent of the apical cap, but 
they did not report the results 
obtained using this method for a 
series of eyes. 

Our study did not confirm the exis- 
tence of a definable apical or corneal 
cap. Indeed, it appears that it is arbi- 
trary and anatomically incorrect to 
divide the cornea into zones, even 
though the concept may be useful for 
the practice of fitting contact lenses. N 
In general, it can be said only that the 
cornea is steeper centrally than 
peripherally. Thus, we agree with 
Mandell,’ who stated “it must be 
understood that significant variation 
in corneal curvature occurs in the 
central cornea.... The two-zone con- 
cept is an arbitrary division for conve- 
nience." 

The exact location of the apex of the 
cornea, or the point(s) of shortest 
radius of curvature, is diffieult to 
determine. Mandell and St Helen? 
used a small mire keratometer to map 
the location of the corneal apex in 
seven eyes and found that it was typ 
cally located within 15° of the intef- 
section of the line of sight with the 
cornea. In one of the seven eyes, the 
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Keratometry, Diopter 

a -- 20>. 
Flat 
Axis Steep Axis Average 
42.62 X 90° 
42.12 X 90° 
43.50 X 90? 
43.37 X 90? 


41.87 X 90? 


43.87 X 95? 
44.00 X 95? 
41.50 X 92? 
41.50 X 90? 
45.50 X 88? 
45.50 X 180° 
42.75 X 90? 
42.75 X 90? 
43.50 X 180? 
43.50 X 180° 
43.12 X 90? 
43.75 X 90? 
43.37 X 180° 
43.25 X 180° 
46.75 X 90° 
46.00 X 90? 


4 apex was superotemporal to the line 


of sight, in three eyes it was infero- 
temporal to fixation, in two eyes it 
was superonasal to the visual axis, 
and in one eye it was 9? inferior to the 
line of sight. Recently, Edmund” 
described a method for determining 
the location of the corneal apex with a 
photokeratoscope in which any asym- 
metry of the photokeratoscopic image 
is interpreted as corneal apex dis- 
placement from the point of intersec- 
tion of the line of sight with the 
corneal surface. The 40 subjects in his 
study had refractive errors of +3 D 
and no corneal diseases. The median 
‘position of the apex for the right eye 
was 0.54 mm temporal and 0.47 mm 
. superior to the intersection of the line 
of sight and the cornea. For the left 
eyes, the position of the apex was 0.42 
mm temporal and 0.60 mm superior to 
the visual axis. The average area of 
the corneas that varied in power by 
less than 0.5 D around the visual axis 
was 2.08 mm? in the right eyes and 
1.88 mm? in the left eyes. He found a 
significant amount of mirror image 
symmetry in the location of the apex 
when comparing the two eyes of an 
individual. Other investigators”? 
have found that the apex is commonly 

cated temporal to the line of sight 
with no significant trend in the verti- 
cal meridian. 

Although we did not attempt to 
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43.2 X 70? 
43.6 X 90° 
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Flat 
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Weighted 
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42.2 X 24° 43.3 X 114? 42.85 


44.6 X 24° 
44.6 X 154° 


43.7 X 114° 
43.9 X 64° 


42.6 X 8? 44.3 X 98? 


46.2 X 178? 47.3 X 88? 





locate the corneal apex precisely, the 
area of greatest power surrounded the 
central unanalyzed zone around the 
visual axis in 52% (23/44) of the eyes 
but was often displaced somewhat 
temporally with respect to the line of 
sight. The area of greatest power was 
predominantly temporal to fixation in 
27% (12/44) of eyes, inferior to fixa- 
tion in 11% (5/44) of eyes, and superi- 
or to fixation in 9% (4/44) of eyes. It is 
possible, given the fact that our meth- 
od does not allow us to analyze the 
area immediately around fixation, 
that the area of greatest power could 
be found within this zone in some of 
the eyes. 

The degree of peripheral flattening 
was asymmetric in the majority of the 
eyes in our study and flattening began 
closer to the visual axis on the nasal 
side in most cases. Clark? examined 
the degree of asphericity about the 
visual axis in 50 pairs of normal eyes 
and found a greater degree of flatten- 
ing (or asphericity) in the nasal hemi- 
meridians. Knoll,^ in a photokerato- 
scopic study of 67 eyes, found that the 
periphery of the nasal side was flatter 
than the temporal side in each eye 
“without any exceptions.” 

The most striking finding in our 
study was the high degree of mirror 
image symmetry often found between 
the right and left eyes of many indi- 
viduals. This mirror image symmetry 


is not uncommon elsewhere in the 
body (thumbprints, hands, feet) and, 
therefore, this is not a surprising 
finding. While corneal surface shapes 
of the same individual were often 
similar, the shape of the corneas of 
one individual was often uniquely dif- 
ferent from that of another individu- 
al. 

The centrally weighted average cor- 
neal powers determined from the 
photokeratograph correlated well 
(r = .96) with the average keratomet- 
ric powers. The mean (+SD) dif- 
ference between the central surface 
powers determined using these two 
methods was 0.39 + 0.27 D. Using a 
keratometer (Bausch and Lomb), 
Brungardt? found the range of 
repeatability of keratometry to be 0.75 
D in the vertical meridian and 0.37 D 
in the horizontal meridian. Nakada et 
al% compared the results obtained 
using an automated keratometer 
(Canon) and a conventional kerato- 
meter (Bausch and Lomb) and found a 
correlation coefficient in the flat 
meridian of .94 and of .96 in the steep 
meridian. However, measurement of 
the radius of curvature varied by 
more than 0.1 mm in 7.2% and 10.1% 
of the eyes for the flat and steep 
meridians, respectively, when the val- 
ues obtained using the two devices 
were compared. In another study com- 
paring the accuracy and repeatability 
of manual and automated keratome- 
try, Jarvis et al” found that the mean 
difference for repeated measurements 
of the average keratometric power 
was —0.0218 D (range, —0.94 to +0.70 
D; ten eyes) using a manual kerato- 
meter and —0.0275 D (range, —0.37 to 
0.57 D; 28 eyes) using an automated 
keratometer. The accuracy of our 
method of determining centrally 
weighted average corneal power, 
therefore, compares favorably with 
the accuracy of keratometry, and in 
addition, gives more information 
about the shape of the cornea in all 
the meridians. 

Mandell, using small mire kera- 
tometry, noted that normal corneas 
often flattened by 3 D or more at a 
distance of 2 to 3 mm nasal to the 
corneal apex. Edmund? found the 
mean change in surface power 
between the corneal apex and the 
point of intersection between the cor- 
nea and the line of sight to be 0.27 to 
0.35 D/mm in the horizontal meridian 
and 0.29 to 0.32 D/mm in the vertical 
meridian. Mandells results would 
indicate a more rapid rate of flatten- 
ing relative to the corneal apex than 
our analysis, and Edmund's results 
suggest a rate of flattening relative to 
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the line of sight similar to our analy- 
sis. Strict comparisons cannot be 
made because we did not attempt to 
precisely locate the corneal apex, nor 
were we able to analyze the area 
immediately around the visual axis 
with the photokeratoscope we used in 
this study. 

The system used to analyze the pho- 
tokeratographs was calibrated using 
standard acrylic (Lucite) calibration 
spheres) The correlation coefficient 
of the measured radius of the refer- 
ence spheres and the radius calculated 
by analysis of the photokeratographs 
taken of each sphere was .988 and the 
SD ranged from 7 to 30 um. Based on 
the calibration data, the error range 
of the method appears to be less than 
100 um. The theoretical resolution of 
the system for a 40-D cornea is 0.3 
Ds 

Errors can be introduced into the 
measurement if the dimensions of the 
faceplate of the keratoscope do not 
meet the manufacturer's specifica- 
tions, if the image is improperly 
focused, if the patient does not fixate 
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on the central target, if the photo- 
graph shrinks during development, if 
the enlargement is not properly made, 
and/or if digitization is not properly 
performed.* In this study, fixation 
was constantly monitored through the 
camera of the photokeratoscope, each 
enlargement was measured to ensure 
proper sizing, and a printout of the 
digitized rings was used as a quality 
control to ensure accurate tracing of 
the rings. Formal examination of the 
system for repeatability was not done, 
although pilot measurements suggest 
that the powers surrounding the 
visual axis are accurate to +0.25 D. 
The variation in topographic pat- 
tern and central power among normal 
subjects is an interesting observation. 
However, it is emphasized that the 
goal of this article was to document 
these variations as a basis for future 
studies to form a criterion basis for 
judging when corneal surface distor- 
tion would be sufficient to degrade 
visual acuity. Hence, at least for now, 
characterizing and categorizing dif- 
ferent types of patterns that are 
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known to be consistent with excellent 
visual acuity would seem to be of little 
value. Rather the study was done to 
place in perspective analyses of this 
type so that vision-compromising pat- 
terns could be distinctly recognized as 
deviations from normal variations. 
The eventual goal of such work is to 
build this experience into a physiolog- 
ic optics model of the analyzed corneal 
surface so that accurate prediction of 
best-corrected spectacle visual acuity 
can be made; then, if a comparable 
result is not obtained by clinical 
refraction, the corneal specialist will 
know to look for other causes of 
reduced visual acuity. 
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Ocular trauma is an important cause 
, | blindness and visual impairment in the 
-United States. We examined the inci- 
..dence of hospitalized ocular trauma in 
Maryland from 1979 through 1986 using 
hospital discharge abstracts. The annual 
-o incidence for those with definite ocular 
M trauma (principal diagnosis) was 13.2 per 
100000 population and for total ocular 
auma Aprincipal or secondary diagno- 
3 per 100 000. There was a 2596 
in incidence of definite ocular 
er his eight-year period; how- 
was likely due to changing 
ons for hospitalization. The pat- 
risk. by age was bimodal, with 
peaks in the 15- to 29-year and over- 
70-year age categories. Males were at 
higher risk than females except in the 
7^. eldest age groups, and nonwhites had 
me Moher rates than whites. 
> en Ophthalmol 1989; 107:519-523) 










































njuries to the eye are an important 
ause of blindness and visual 
ment, especially in younger age 
at are at low risk for chronic 
onditions. Even in those 20 to 
f age, injuries account for up 
% of incident bilateral blindness 
ation, and trauma is thought to 
of the most important causes of 
al monocular blindness in the United 
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States. Despite the importance of 
oeular trauma and the great potential 
for prevention, it is only recently that 
an epidemiologic approach has been 
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taken to document its magnitude, 
causes, and severity. Most previous 
studies have been hospital based with- 
out reference to a defined population. 
Those that are population based have 
been dominated by minor injuries, 
which pose minimal risk of perma- 
nent visual impairment." We de- 
seribe the epidemiology of ocular 
trauma requiring hospitalization in 
Maryland acute-care hospitals over an 
eight-year period. 


MATERIALS AND METHODS 


The Maryland State Health Services 
Cost Review Commission (HSCRC) has 
responsibility for setting hospital daily 
charge rates, reviewing and authorizing 
certificate-of-need applications, and over- 
all planning of the distribution of hospital 
beds in Maryland. Ás a basis for many of 
its planning activities, the commission col- 
lects data on hospital discharges from all 
acute-care, nonfederal hospitals in the 
state. Data colleeted under this system 
include the principal diagnosis and up to 
four secondary discharge diagnoses, surgi- 
cal procedures performed, hospital ser- 
vices utilization, hospital characteristics, 
total and component charges, discharge 
status, and demographic information on 
the patient. 

Data files from the HSCRC for the years 
1979 through 1986 were used for this anal- 
ysis. These years correspond to the period 
during which the International Classifica- 
tion of Diseases, version 9, Clinical Modifi- 
cation (ICD-9-CM) system was used to 
classify discharge diagnoses. Only dis- 
charges that listed Maryland as the state 
of residence were included for this study. 

The principal and secondary discharge 








































principal diagnosis involvit the 
a code i in the JOD OM inj urys se! ( 


involving the eye with a 


Age-, sex-, | 
population maen iar ez 
obtained from the Marylan 
of State Planning and base 
and 1980 census data as well 
decade adjustments. All adju: 
based on direct adjustment usi) 
census as the reference populatio 


RESULTS .— 

Hospitals in the state of- 
had 4789449 discharges 
eight-year period 1979 to. 198 
1). There were 9373. patient 
principal or secondary dise 
nosis of ocular trauma, ai 
annual incidence of 27.3 per 
population. In almost half (4 
lar trauma was the principal i 


sis (definite), an annual ine 
13. 2 per 100 000. 


trauma rose digni. the i ine 
definite cases displayed as 
downward trend E iE. 


indication of a rise in 
this was small and coi 


The acidente of ocular t "i at 
ied significantly - with ag 
(Figs 2 and 3). For both defini 








total cases, tides hs ad hi er rates 
than females at all ages until the 
eighth decade. For males, the age inci- 
dence distribution for. both. definite 
and presumptive ocular trauma was 
bimodal, with peaks in the 15- to 
25-year and above-70-year age catego- 
ries. This same pattern was present 
for all cases among females, but with 
much smaller peak in early life. The 
inger age peak was not evident for 
males with definite ocular trauma. 
‘Race also affected the incidence of 
ocular. trauma, although not to the 
same extent as age and sex (Figs 4 and 
5). Nonwhites had higher rates than 
whites in middle age (25 to 69 years of 
age), but there was little difference in 
the younger or older age groups. 

- The highest observed rate of defi- 
nite ocular trauma was among white 
males 10 to 14 years of age residing in 
Baltimore, who had an average annu- 
al incidence of 78.2 per 100000. The 
highest. risk of total ocular trauma 
was among nonwhite males 35 to 39 
years of age in Baltimore, with an 
dead annual incidence of 117.3 per 



































Total Hospital 
Discharges 


562 916 
579 591 
591358 
614 469 
627 830 
627 253 
595 959 
590 073 
4789449 
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Year 


Hospital Discharges 
With Primary 
or Secondary 
Diagnosis of 
Ocular Trauma (%) 


1120 (0.20) 
1126 (0.19) 
1157 (0.20) 
1087 (0.18) 
1125 (0.18) 
1229 (0.20) 
1261 (0.21) 
1268 (0.21) 
9373 (0.20) 
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D Principal Diagnosis 


^4 Principal or 2° 
Diagnosis 


Fig. 4:5 ncidence: of hospiti discharges with discharge diagnosis of 
ocular trauma by: year, Maryland, 1979 to 1986. 
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The most common diagnosis among 
cases of definite ocular trauma was 
"open wound of the eyeball” followed 
by “contusion of the eveball” and “or- 
bital blowout fractures" (Table 2). 
This pattern varied by age. Young 
children had a high risk for contusion 
of the eyeball and a very low risk of 
orbital blowout fractures, whereas the 
oldest age group had a low rate of 
contusion of the eyeball but high rates 
for penetrating wounds. The highest 
rates were for contusions and open 
wounds of the eyeball in the 10- to 
29-year age group. There were only 
minor differences in the patterns of 
diagnosis-specific risk by sex, race, 
and year. 

Among those with definite ocular 
trauma, 809 (17.8%) had a secondary 
eye diagnosis. A total of 1008 such 
secondary diagnoses were coded, the 
most common of which were traumat- 
ic cataract (143, 14.2%), hyphema (35, 


3.5%), vitreous hemorrhage (92, 
9.1%), retinal detachment (77, 7.6% ), 
and  iridocyclitis-iridodialysis (93, 
9.2% ). 


Codes for external cause of injury 


Hospital Discharges 
With Primary 
Diagnosis of 

Ocular Trauma (?6) 


620 (0.11) 
622 (0.11) 
618 (0.10) 
544 (0.09) 
553 (0.09) 
57 1 (0.09) 
505 (0.08) 
502 (0.09) 
4535 (0.09) 
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Fig 2. —Average annual incidence of hospital discharge with principal 
diagnosis of ocular trauma by age and sex, Maryland, 





lar trauma. There x were no D différencns 
in the age and sex distributions of 
discharges with and without E codes. 
There was a slightly higher propor- 
tion of nonwhites than whites with E 
codes (34.6% vs 30.2%; P = .002), and 
there were small differences in the 
distribution of principal diagnoses 
concentrated primarily in the catego- 
ry of open wounds of the eyeball. 
Thirty-one percent of those without E 
codes had this diagnosis vs 27% of 
those with E codes (x5) = 16.0, 
P = .007). The most common cause of 
injury was being accidentally struck 
by a person or object (21.9%), but 
assault, motor vehicle accidents, and 
falls accounted for a significant pro- 
portion (Table 3). 

The cause-specific rates of ocular 
trauma varied widely with age (Fig 6). 
Motor vehicle accidents, assault, and 
sports all showed peak incidence in 
the younger age groups and a steady 
decline thereafter. Sports injuries had 
the youngest peak incidence (10 to 19 
years), whereas assault and motor 
vehicle accident peaked about ten 
years later. Falls, on the other hand, 
showed the opposite pattern, with low 
rates in the younger age groups and 
dramatically increasing risk with age. 
Falls accounted for 51.5% of all defi- 
nite ocular trauma in the 70 and above 
age category. Sex and race also influ- 
enced the pattern of cause-specific 
risk. For example, motor vehicle acci- 
dents accounted for more than twice 


the proportion of all E coded injuries — 
for females compared with males 


(16.1% vs 7.7%), and assault ae- 
counted for 28.8% in nonwhites as 
compared with 13.196 in whites. 

A total of 4838 persons had only a 
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iagnosis of mo tan ary diagnosis, however, rates of open multiple injuries, the 
ve) The distribution of ^ wounds and contusions of the ocular (2000, 41.395). being asso 
diagnoses among this adnexa (3.54 and 3.84 per 100000) skull fracture or intracrani 
different from those were greater than those of the eyeball Mental disorders (204, 4 
a principal diagnosis. (0.98 and 0.68 per 100000). Rates of | more than half were alcol 
definite ocular trauma orbital blowout fractures, on theother ^ and other ocular disorders (3 
gher rates of open wounds hand, were equivalent in the two were also common. The mos 
ions of the eyeball (3.81 and groups. diagnoses among those with 
(00000, respectively) than Of those with only a secondary pal diagnosis of other. -ocula 
ounds and contusions of the diagnosis of ocular trauma, their prin- tions were cataraet (124, 
-< adnexa (1.87 and 0.68 per cipaldiagnosis suggested that most of which 23 were traumatic an 
100.000). For those with only asecond- these cases (3591, 74.2%) involved 48 unspecified, retinal. detae m 
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: ..Fig 3. — Average annual incidence of hospital discharge with principal 
r secondary diagnosis of ocular trauma by age and sex, Maryland, Or secondary diagnosis of ocular tauris by age and race 
; 1979 to 1986. 


d White dii Motor Vehicle 
—U--— Nonwhite — d Falls 
——$9——- Sports 

— P Assault 


“Incidence per 100000 
Rate per 100 000 


-of ocular trauma by age and race, Maryland, 1979 to 


|... Principal Diagnosis 0-9 
| Orbital blowout fracture 26 (0.57) 493 (4.14) 259 (2.76) 25025 ERU : 
x _ Open wound, ocular adnexa 165 (3.59) 279 (2.34) 124 (1.32) 54 (0.86) .21(095)  . . 643 
{Open wound, eyeball 172 (3.75) 575 (4.83) 316 (3.36) 153 (2.45) aa 10) 430 
Conüsion: ocular adnexa 390085) —  92(077 ^ 45(048 ^ 24(038 ^  32(142) ^ 23 
i 224 (4.88) 670 (5.63) 198 (2.1) 56 (0.90) 22 (1.00) à— 1 
EE 114 (0.96) 64 (0.58) 35(0.56) . 8(036 
: p) 2223 (18.67) 1006 (100) 410(657) 212 (9.59) 4534 
| rof cases (incidence per 100 000 per year). a io 


eign body on the eye, burns, superficial injuries, and injury to the optic nerve and pathways. 
iissing information on age. 
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29, 9.1' j hyphema (16, 5.0%), aud 
E vitreous hemorrhage (16, 5.0%). 

. E codes were available on 1898 
2 (39. 295) of those with only a secondary 
. diagnosis of ocular trauma. The dis- 
tribution of these causes differed 
: markedly from those with definite 
-ocular trauma. Though the proportion 
of injuries due to assault was similar 
n the two groups, motor vehicle acci- 
dents (34775) and falls (18.6%) 
accounted for much higher propor- 
tions of injuries among those with 
only a secondary diagnosis of ocular 
trauma, consistent with the large role 
oa by multiple injuries. 


COMMENT 


^. Uniformly collected hospital dis- 
-charge data can be an excellent source 
of information on the magnitude and 
eauses of ocular trauma in a defined 
opulation. However, it is important 
o understand the strengths and limi- 
tations © of these data. Strengths 
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accidents 227 (9.6) 
Falis 205 (8.6) 
Foreign body 
entering the eye 165 (7.0) 
Sports accidents 162 (6.8) 
Assault 436 (18.4) 
-| Accidents caused 
] by cutting or 
^ . piercing objects 205 (8.6) 
|. Fire, heat, or 
^. - electric current 57 (2.4) 
. Anjury caused by 
.- animals 50 (2.1) 
-Accidentally struck 
: ^. by object or 
| X person, 
... unspecified 519 (21.9) 
. Other 347 (14.6) 
- Total 2373 (100.0) 







1980, 





1982 
Year 


: agnosis and year, Maryland, 1979 to 1986. 





1984 
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include completeness of. coverage, 


detailed information on demographic 
factors and discharge diagnoses, well- 
recognized standards for diagnostic 
coding, and their ease of use. Limita- 
tions include the inability to code 
inore than four secondary diagnoses, 
inability to account for multiple 
admissions for the same injury, errors 
in diagnostic coding, and limited 
information on the circumstances 
under which the injury occurred. 
Though no reports are published 
regarding the quality of Maryland 
data, the Institute of Medicine, 
National Academy of Sciences, evalu- 
ated the National Hospital Discharge 
Survey and found that demographic 
information was extremely accurate." 
Principal diagnosis was less reliable 
but reached 80% agreement for main 
diagnostic categories. There was no 
detailed information on ocular injury 
coding. 

The introduction of prospective 
payment systems based on diagnosis 
related groups has also raised con- 
cerns regarding the shifting of princi- 
pal diagnosis codes to those with 
higher reimbursement profiles." 
Maryland has had a prospective pay- 
ment system in place for all third- 
party payers since 1977, so this should 
not affect conclusions based on these 
data. The effect of these payment 
systems on discharge diagnosis coding 
for ocular injuries in other states has 
not been investigated. 

By definition, these data refer only 
to relatively severe ocular injuries 
that require hospitalization or are 
associated with other hospitalizable 
conditions. Though this limitation 
prevents estimation of total rates of 
ocular injury, it concentrates atten- 
tion on those injuries most likely to 
cause permanent visual impairment. 

Not surprisingly, hospital admis- 


"d Contusion, Eye 
Ue" Contusion, Adnexa 
mp Open Wound, Eye 
—69—- Open Wound, Adnexa 
7778-7 Orbit Fracture 
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Fig 7.—Predicted incidence et hospital discharge with principal diagnosis of ocular trauma by 


sions dor ocular injury are a minor 
proportion of all hospital admissions, 
averaging 0.2% over this eight-year 
period. However, as a proportion of all 
admissions for ocular disorders, they 
are becoming more important with 
the movement of many ophthalmolog- 
ic procedures to outpatient settings. 
In Maryland, this proportion bot- 
tomed out in 1983 at 4.8% but has 
risen steadily since then to 10.2% in 
1986, despite the significant decline in 
the incidence of definite ocular trau- 
ma over the same eight-year period. 
Data from Israel in the early 1980s 
are almost identical, with 4.4% of 
ophthalmic inpatient admissions due 
to ocular trauma." 

Though it is possible that the 
observed decline in incidence of defi- 
nite ocular trauma reflects a true 
reduction in risk, it seems unlikely. 
Instead, it probably reflects changing 
indications for hospitalization. This is 
shown most readily among discharges 
diagnosed as contusion of the eyeball 
(Fig 7). There was a 37% reduction in 
the predicted incidence over this 
eight-year period (a = 4.19, 8 = —0.22, 
P = .008). A large proportion of cases 
within this diagnostic category are 
likely to have been hyphemas, for 
which there has been a shift away 
from hospitalization over the last few 
years. Other categories that showed 
statistically significant reductions in 
incidence include open wound of the 
adnexa (a = 2.22, 8 = —0.10, P = .008) 
and other injuries (a=1.12, B= 
—0.09, P = .016), whereas those inju- 
ries that were most likely to require 
hospitalization, such as open wounds. 
of the eyeball, showed no trend in 
incidence over time. 

The magnitude of the incidence 
rates reported herein is in general 
agreement with those reported by 
others. Canavan et al* reported on 


patients with ocular injuries admitted | 


to the Eye and Ear Clinic of Royal 
Victoria Hospital in Belfast over a 
ten-year period. The incidence we cal- 
culated from their data was 13.1 per 
100000 per year, almost identical to 
our estimate of 13.2 per 100000 for 
those with definite ocular trauma. 
More recently, Morris and his col- 
leagues? have reported on data col- 
lected over a 34-year period for seri- 
ous eye injury from the Eye Injury 
Registry of Alabama. Their minimum 
estimate was 7.7 per 100000 per year, 
but they did not state their registra- 
tion criteria or the proportion of these 
injuries that resulted in hospitaliza; 
tion. Karlson and Klein’ reported h 

rate of 4.1 per 100000 per year for 
severe eye injuries in Wisconsin, but 
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this rate Was derived from only 13 

ses. Glynn | et al* have reported on a 

population-based survey that identi- 

ases of eye injuries among 

Jiving in the New England 

istimated incidence of ocu- 

was 9.75 per 1000, but only 
ese cases were hospitalized. 

imate the volume of hospital- 
ocular trauma nationwide, we ap- 
he average annual age-, race-, 

.. and sex-specific rates from Maryland 

- ^» to the US population as a whole. This 

... yielded an estimated 29315 definite 

and 61519 total cases per year in the 

United States based on the 1980 cen- 
sus. Due to population growth, we 
would expect these numbers to be 
higher at present. These estimates are 
cely to be lower than the true situa- 
on because some institutions, such 

Veterans Administration hospitals, 

re not included in this database. 

Also, patients who went outside of 

* Maryland for care were not available 

to be counted. 

Age is the dominant demographic 
risk factor for hospitalized ocular 
injury. The bimodal pattern of inci- 
© dence by age is similar to that re- 
-. ported for brain i injuries and for total 

hospitalized injuries.'^ This pattern 
istinctly different, however, from 
eported for less severe ocular 

The Wisconsin study of ocular 

treated at hospital emergency 

showed a peak incidence in 
adulthood and a steady decline 
in incidence after the age of 25 years.’ 

- À linear decline in incidence with age 
was also found in the data from New 
England; The reasons why risk of 
hospitalized ocular trauma increases 
in the older age groups but minor 

.. trauma does not are unclear but may 

- be due to the small sample sizes 

e among : those 70 years of age and older 

in previous studies. 

'he focus of attention in many pre- 

reports has been the younger 

ups, which, due to their high 
ind large population size, 
or a large proportion of total 
njuries. This is true for Mary- 

nd as well, with 64% of definite and 

: 56% of presumptive ocular trauma 

oceurring among those less than 30 

- years of age. However, it is important 

=o to recognize that, though the propor- 
tion of injuries occurring in the oldest 

. age groups is small, their risk of hos- 

— pitalized ocular trauma is as high as 
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or higher than that seen among the 
younger age groups. This is especially 
true for women. 

Sex is also a strong risk factor for 
ocular injury, especially among those 
less than 70 years of age. The relative 
risk for males vs females peaks in the 
15- to 19-year age group at 4.5 for 
definite ocular trauma and gradually 
declines until 70 years of age. A simi- 
lar pattern is shown for presumptive 
diagnoses. These differences are also 
similar to those reported for total 
hospitalized injuries? and for nonhos- 
pitalized ocular trauma.’* The lack of 
a young adult incidence peak for 
females with definite ocular trauma 
cannot be explained by shifting of 
ocular trauma to secondary diagnoses 
due to multiple injuries. 

Overall, nonwhites compared with 
whites had a relative risk of 1.38 for 
definite and 1.16 for presumptive ocu- 
lar trauma. The young age incidence 
peak is about ten years later in non- 
whites than in whites, and the excess 
risk is carried primarily in the middle 
adult years. 

The diagnostic pattern seen in this 
study reflects the severity of injuries 
that require hospitalization. More 
than 75% of those with a principal 
diagnosis and 33% of those with a 
secondary diagnosis of ocular trauma 
had open wounds or contusions of the 
eyeball, orbital blowout fractures, or 
other severe injuries. 

Cause-of-injury information was 
available on only 52.355 of those with 
a principal diagnosis of ocular trau- 
ma. There is little indication, howev- 
er, that this group is unrepresentative 
of the whole. This was true for pre- 
sumptive cases as well. For the total 
group, motor vehicle aceidents were 
the most important cause of ocular 
trauma (20.7%), followed by assault 
(17.995), being accidentally struck by 
a person or object (13.6%), and falls 
(13.0% ). For the definite ocular trau- 
ma group, however, being accidentally 
struck and assault were the leading 
causes, with assault being especially 
important among nonwhites. Falls 
were far and away the most impor- 
tant cause in the older age groups, and 
accidents involving cutting or piercing 
instruments that are likely to cause 
oecupationally related injuries also 
formed an important group. Firm con- 
clusions regarding the distribution of 
injury by cause are difficult, however, 












tué to. the large group of. aecide 
injuries for which a specific cause 
not recorded. ur 
It is clear from these aat 
others that trauma is an impor 
cause of ocular morbidity in th 
ed States. Though most eye injuries 
not require hospitalization, the mor 
than 60000 hospitalized cases oceut 
ring in the United States every year 
underscore the importance of. ks 
problem. Additional research - 
needed to characterize the prin 
causes of these injuries fully and to 
identify intervention strategies that 
will reduce their incidence and: blind: 
ing complications. 
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he Cup-to-Disc Ratio and 


Central Retinal Vein Occlusion 


Ellen R. Strahlman, MD; Patricia M. Quinlan, MD; Cheryl Enger, MS; Michael J. Elman, MD 


* Recent reports have suggested that 
a small. optic cup may contribute to the 
development of certain optic disc disor- 
ders, such as anterior ischemic optic neu- 
opathy. in a masked fashion, the cup- 
‘to-dise tatios from the fellow eyes of 55 
ients. with central retinal vein occiu- 
ion. (CRVO) were compared with 55 con- 
trols to determine whether a similar asso- 
‘ciation could be established for CRVO. 
‘Controls came from two population-based 
: Surveys, and they were matched to cases 
for age, race, and sex. The mean cup- 
to-disc ratios for the CRVO fellow eyes 
and controls were 0.39 and 0.40, respec- 
tively; the distribution of the sizes of the 
cup-to-disc ratios was nearly identical in 
the two groups. These results suggested 
that the cup-to-disc ratio is not a useful 
predictor of the development of CRVO. 
- "(Arch Ophthalmol 1989;107:524-525) 





\Tumerous clinical, pathologie, and 
C experimental studies have not 
established a cause for central retinal 
vein occlusion (CRVO). Recent reports 
have implicated a small optic cup as a 
predisposing anatomic factor in the 
development of anterior ischemic 
‘optic neuropathy." In an effort to 
determine whether a similar associa- 
ion could be established for CRVO, 
we undertook a masked comparison of 

he optic dises of fellow eyes from 
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patients with CRVO with those of 
normal eyes from patients included in 
two population-based health surveys. 
Since cup-to-disc ratios tend to be 
similar between the left and right 
eyes of normal individuals," we 
hypothesized that a small cup-to-disc 
ratio in the fellow eye of patients with 
CRVO would indicate a similar under- 
lying anatomic structure in the af- 
fected eye. Assuming that a clinically 
observed small cup-to-dise ratio indi- 
cates a small scleral canal, we hoped 
to determine whether or not the fel- 
low eyes of patients with CRVO had 
smaller scleral canals than those of an 
appropriate control group. A small 
scleral canal might contribute to 
CRVO formation by local compression 
of the central retinal vein. 


PATIENTS AND METHODS 


We identified 68 patients with a diagno- 
sis of CRVO seen at the Retinal Vascular 
Center, The Wilmer Institute, Baltimore, 
between January 1980 and December 1985. 
Patients were selected on the basis of an 
unambiguous CRVO (flame-shaped hemor- 
rhages in all four quadrants, optie disc 
edema, venous dilation, and tortuosity) 
documented by stereofundus photography 
and fluorescein angiography. Patients 
with incomplete photographic documenta- 
tion were excluded. Individuals with glau- 





always be through the center of the cup. 


* Adapted from the Manual of Operations for the Baltimore Eye Survey. 1? 


mirer m a det 


Disc: The longest horizontal and vertical dimensions should be measured. The longest distance will not 


Cup: Both the horizontal and vertical lengths should pass through the center of the cup. The plastic 
measurement device should be heid completely horizontally or vertically for this measurement. 
When measuring the size of the cup, look for a point of inflection where the neuroretinal rim ends. If 
there is a definite point of inflection, it should be considered the edge of the cup. If there is no 
definite point of inflection and the rim slopes gradually into the cup, the midpoint of this sloping rim v 
should be considered the edge of the cup. (Points of inflection are more often present vertically, *' 
while sioping rims. are more often present horizontally.) 


coma and/or ocular hypertension (intra- 
ocular pressure, —21 mm Hg) or other 
ocular disease were also excluded, for a 
total of 55 eyes in the study population. - 

One hundred seven eyes from 55 patients 
formed the control group and were 
matched to the study population for age 
(within two years) race, and sex. The 
controls were obtained from two popula- 
tion-based health surveys (B.S. Hawkins, 
MS, unpublished data, 1987)* Any survey 
patient with a positive history of glauco- 
ma, ocular hypertension (as defined 
above), or other ocular disease was not 
included in the control group for this 
study. 

The stereophotographs of cases and con- 
trols were randomly mixed, and the verti- 
cal cup-to-disc ratios were calculated by an 
experienced reader (E.R.S.) who was 
masked to the purpose of the study and to 
the case/control status of the photographs. 
Stereophotographs (30°) centered on the 
disc were used for all gradings. Since pre- 
vious studies have demonstrated that optic 
dises tend to have similar horizontal and 
vertical cup-to-dise ratios," we measured 
the vertical dimension only. We employed 
a standardized reading technique for the 
assessment of cup-to-dise ratios in this 


study. The reading method utilizes a mea- x 


suring stencil according to a strictly 
defined protocol and is currently in use for 
the evaluation of cup-to-dise ratios in a 
large population-based glaucoma study.'° 
(For a detailed description of the cup- 
to-disc reading method, see the Table. 
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00.3  0.801-0.6 0.601-0.9 
Cup-to-Disc Ratio 





Comparison of percent distribution of cup- 
to-disc ratios among study population (open 
bars) and control group (shaded bars). 










RESULTS 


- Thirty-three men and 22 women 
formed the study population, with an 
average age of 61.2 years (61.1 and 
61.3 years for men and women, re- 
.- gpectively). The median age was 62 
= years, with 60% of patients clustered 
In the sixth and seventh decades of 
-` life. Seven members of the study pop- 
ulation were black, and the remaining 
members were white. Controls were 
matched for the age, race, and sex for 
each patient. 
- The eup-to-dise ratios were aver- 
aged for the right and left eyes of each 
‘ol, so that a single cup-to-disc 
was obtained for each control. 
ontrol value was then com- 
with the cup-to-disc ratio for its 
tehing case. In this study, we would 
ave been able to determine that a 
difference in the cup-to-disc ratio 
between cases and controls as small as 
0.1 was stastistically significant (pow- 
er, >95% ). The mean cup-to-disc ratio 
for the study population of CRVO 
. fellow eyes was 0.39 (SD = 0.14). In 
the control group, the mean ratio was 
| 0.40 (SD 0.13). Predictably, there 
| Ws no significant difference in the 
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eup-to-disc ratios between the two 
groups (P = .84, paired ¢ test). 

The Framingham Eye Study popu- 
lation had a mean cup-to-disc ratio of 
0.255 (SD 20.166)? The mean cup- 
to-disc ratio of the control eyes in the 
present study was significantly high- 
er than that reported in the Framing- 
ham Eye Study (P « .001). 

The distribution of the sizes of the 
cup-to-dise ratios was nearly identical 
in the study and control groups (Fig- 
ure). Twenty control patients had cup- 
to-dise ratios less than those of their 
CRVO-matched counterparts, 26 con- 
trols had ratios greater than those of 
patients with CRVO, and nine con- 
trols had the same cup-to-disc ratios 
as the patients with CRVO (Sign 
test, P = .56). 


COMMENT 


Although numerous studies of 
CRVO have been performed, the cause 
of this devastating retinal vascular 
disorder remains elusive. Since the 
central retinal vein narrows in the 
normal eye as it passes through the 
lamina cribrosa, it has been postu- 
lated that any condition (local or sys- 
temic) contributing to further nar- 
rowing through this area may predis- 
pose to CRVO.'?"* Results of clinical, 
pathologie, and experimental studies 
support the idea that an unusual con- 
figuration of the structures surround- 
ing the central retinal vein may lead 
to an occlusive condition. 

Histopathologic reports have de- 
scribed thrombus formation within 
the central retinal vein in CRVO,'** 
as well as other pathologic changes. 
Green and coworkers? noted several 
local conditions that may predispose 
to CRVO, including glaucoma, papil- 
ledema, optic nerve hemorrhage, and 
drusen of the optic nerve head. Final- 
ly, experimental studies require occlu- 
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sion of both the colitis al retin 
and vein to produce the op. 
scopic features of CRVO." 
gross deformity of the blood 
within the orbit of experiment: 
mals, the syndrome of CRVO cai 10 
be reproduced. 

Several investigators noted. tha 
eyes with small cup-to-disc ratios 
associated with anterior ischem 
optic neuropathy." These observa 
tions prompted us to investigs 
whether or not a similar relationshi 
could be demonstrated for CRVO. Th 
patients with CRVO in this. stud 
were free of other ocular disease 
including glaucoma and ocular hyper 
tension. The observation that t 
to-disc ratio is not a predictive fac 
in the development of CRVO i 
absence of other ocular condition 
does not minimize the importance o 
other local and systemic factors tł 
may alter the configuration of 
central retinal vein as it traverses 
lamina cribrosa. Indeed, since ou 
measurement of the cup-to-dise ra 
in cases of CRVO was obtained indi 
rectly, by examining the unaffecte: 
fellow eye, it is still possible that th 
cup-to-disc ratios may not by symm 
ric in patients who develop th 
tion. = 
Previous reports have. is 
cup-to-disc ratios of the study popula 
tion with those of the Framing 
Eye Study.' Since evaluating the cup 
to-disc ratio is a subjective task, ev 
among experienced readers with stan 
dardized guidelines, we chose to us 
our own population-based controls fo 
this study. The finding of a significan 
difference in the mean cup-to-dis 
ratios between the study controls an 
the Framingham population. under 
scores the importance of using inter 
nal controls when conducting observa 
tional studies of this type. | 
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We studied optic disc photographs 
eyes to determine the level of 
jreement: between estimates of vertical 
id orizontal. cup-to-disc ratios (CDRs) 
provided by two clinicians and estimates 
of these ratios obtained using an image 
alyzer. We also evaluated the agree- 
ment of each clinician with himself and 
with the other clinician to provide a rela- 
"tive standard by which to judge agree- 
„ment between the clinicians and the 
image analyzer. Agreement between the 
clinicians and the image analyzer was 
moderate. Differences of more than 0.2 
disc diameters (DD) between the CDR 
estimates of clinicians and those ob- 
| using the image analyzer were 
limited to discs having small (CDR of 0.4 
or lower) or very large (CDR of 0.9 DD 
igher) cups. The clinicians’ agreement 
with hemselves and with each other was 
bstantial to near perfect. 

(Arch Ophthalmo! 1989;107:526-529) 








onitoring optic disc topography is 
an important part of evaluating 
atient with glaucoma. Change in 
c dise. topography i is probably the 
rle most important aspect of such 
ation. One way to quantify 
the optic disc is to measure 
| ine parameter, eg, cup-to- 
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n Estimating Cup-to-Disce Ratios 


Rohit V Varma, MD; George L. Spaeth, MD; William C. Steinmann, MD, MSc; L. Jay Katz, MD 


dise ratios (CDRs), and compare them 
with similar measures obtained later. 
The various methods of measuring 
and comparing parameters include 
direct ophthalmoscopy, binocular ex- 
amination using a contact lens, exam- 
ination of fundus photographs, plani- 
metry, photogrammetry, and, more 
recently, image analysis. Despite 
widespread use of these methods, lit- 
tle is known about the extent to which 
measurements obtained by them 
agree. This knowledge is especially 
important given the high mobility of 
patient populations and consequent 
variety of methods that may be used 
to evaluate the optic dise of the same 
patient. Our study measured the level 
of agreement between two of these 
methods—clinical examination of 
fundus photographs and image analy- 
sis—by comparing two experienced 
ophthalmologists’ estimates of the 
vertical cup-to-dise ratios (CDR[V]s) 
and the horizontal cup-to-dise ratios 
(CDR[H]s) with measurements of the 
same ratios obtained by image analy- 
sis. 

To provide a relative standard for 
evaluating the agreement between the 
two methods, we also determined the 
agreement of each clinician with him- 
self, and of each clinician with the 
other. 


MATERIALS AND METHODS 


Thirty-five eyes with CDRs ranging 
from 0.0 to more than 0.9 disc diameters 
(DD) from 26 patients who were treated at 
the Glaucoma Service at the Wills Eye 
Hospital, Philadelphia, were selected to 
provide a sample of optic dises with a wide 


range of CDRs. After obtaining informed 
“consent, simultaneous stereoscopic photo- 


graphs were taken of the fundus of each of 
the 35 eyes, using a Topcon camera (TRC- 








\greement Between Clinicians and an Image Analyzer 


SS, Topcon Instrument Corp of America, 
Paramus, NJ) with a fixed stereobase of 3.0 
mm. 

The resulting optic disc photographs of 
the 35 eyes were digitized and analyzed, 
using the IS 2000 image analyzer (Topcon 
Instrument Corp of America) stereometric 
analysis program! to determine the 
CDR(V) and CDR(H) for each eye. For this 
purpose, the outer margin was drawn 120 
um below the surface of outer margin of 
the optic dise. The CDR(V) was defined as * 
the average of five vertical CDRs taken at 
10° intervals, from 70° to 110°; the 
CDR(H) was defined as the average of five 
CDR(H)s taken at 10° intervals, from 160° 
to 200°. The results were expressed to the 
nearest 0.1 DD. 

The 35 optic dise photographs were then. 
independently reviewed in a randomized 
sequence by two experienced clinicians ^ | 
who specialize in glaucoma (one with over 
20 years of experience and the other with 
four years of experience), who were com- 
pletely masked to all information about 
the patients. They were asked to inspect 
the transparencies through a stereoscopic 
viewer (Asahi Pentax Stereo Viewer II, 
Asahi Optical Co, Tokyo) and identify the w 
outer margin of the optic eup, taken to be  ' 
the locus of points at which the surface of 
the dise first deviates posteriorly into a 
“cup.” Following their identification of the 
optic cup margin, the clinicians were asked 
to determine the CDRs from the longest 
vertical and horizontal cup and dise diam- 
eters, and express them to the nearest 0.1 — 
DD, with a possible range of 0.0 to 10 MIA 
DD. Queue 
Both clinicians evaluated ihe fundus Pam 
photographs of all 35 eyes on. three ocea- 
sions at least one week apart. They were 
always masked to the results from all prior 
readings, to the identity of the patients, 
and to all other clinical information. 

Each clinician's mean estimate of the 
CDR(V) and CDR(H) of each eye was com, 
pared. with the corresponding readings 
obtained by image analysis, and the abso- 
lute DEBEO between these two sets of 
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Fig 1.—Agreement between two clinicians and image analyzer for vertical cup-to-disc ratio. DD 


Indicates disc diameters. 
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Fig 2.—Agreement between two clinicians and image analyzer for horizontal cup-to-disc ratio. DD 


indicates disc diameters. 


estimates were calculated. The mean esti- 
mates obtained by the clinicians and the 
estimates obtained by image analysis were 
compared using the Student f£ test. 

The levels of intraobserver and interob- 
server agreement in estimating CDR(V)s 
and CDR(H)s were determined, using the 
Student ¢ test, in terms of the absolute 
difference between these two sets of esti- 
mates. 

Chance-corrected agreement between 

le clinicians and the image analyzer in 
estimating CDRs, as well as intraobserver 
and interobserver agreement, were com- 
pared using the weighted x statistic; a 
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statistic that expresses the agreement 
between two measures that cannot be 
accounted for by chance. Used on categori- 
cal data, its values can range from -1 
(complete disagreement) to 0 (chance 
agreement) to +1 (perfect agreement). 
Since « treats all disagreement, large or 
small, similarly, we used the weighted x 
statistic, which weights different disagree- 
ments on an arbitrary and relative scale. 
The weights assigned to the estimates were 
equal to 1 minus the difference between 
the two estimates; ie, smaller disagree- 
ments were weighted more heavily than 
larger disagreements. A weighted x value 





Fig 3.—An optic disc in which horizontal 
cup-to-disc ratio was graded as O.3 to O.6 
disc diameters on repeated estimations by 
clinicians. Image analyzer graded it as O.2 
disc diameters. 





Fig 4.—Optic disc on which image analyzer 
failed to accurately determine cup-to-disc 
ratios, probably due to lack of contrast in optic 
disc image. 


of 0.0 was considered as poor agreement; 
higher than 0.0 to 0.2, slight agreement; 
0.21 to 0.40, fair agreement; 0.41 to 0.60, 
moderate agreement; 0.61 to 0.8, substan- 
tial agreement; and 0.81 to 1.0, almost- 
perfect agreement.? 


RESULTS 


Thirty-five eyes of 26 patients (18 
women and eight men) with a mean 
age of 46 years (range, 16 to 72 years) 
were studied. Six eyes had primary 


Estimating Cup-to-Disc Ratios—Varma et al 527 


open angle glaucoma, two had pig- 
mentary glaucoma, one had angle clo- 
sure glaucoma, one had congenital 
glaucoma, and one had glaucoma sec- 
ondary to the Sturge-Weber syn- 
drome; 16 eyes were suspected of hav- 
ing glaucoma, and eight were consid- 
ered normal. 

By image analysis, the mean ( - SD) 
CDR(V) and CDR(H) were 0.53 + 0.16 
DD and 0.42 + 0.20 DD, respectively. 
By clinician 1’s observations, the 
means were 0.46 + 0.25 DD and 
0.45 + 0.25 DD. By clinician 2's obser- 
vations, they were 0.48 + 0.26 DD and 
0.49 + 0.26 DD. 

Figures 1 and 2 show the distribu- 
tion of differences between the CDR 
estimates obtained by image analysis 
and those determined by the clini- 
cians. The mean absolute differences 
between clinician 1’s and the image 
analyzer’s estimates of CDR(V) and 
CDR(H) were 0.12 + 0.11 DD and 
0.10 + 0.11 DD, respectively; between 
clinician 2 and the image analyzer, 
they were 0.13 + 0.10 DD and 0.14 + 
0.13 DD. In terms of exact agreement, 
clinician 1’s rate was more than twice 
that of clinician 2. 

No significant difference was seen 
between clinician 1 and the image 
analyzer and between clinician 2 and 
the image analyzer in terms of the 
mean estimates of CDR(V) and 
CDR(H): for clinician 1, P = .18 and 
P = .58, respectively; for clinician 2, 
P= 37 and P = .19, respectively. 

The weighted « values for agree- 
ment between clinician 1 and the 
image analyzer for CDR(V) and 
CDR(H) were 0.52 and 0.63, respec- 
tively. The weighted x values for 
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Fig 5.—Intraobserver agreement for vertical cup-to-disc ratio. DD indicates disc diameters. 
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between the clinicians and image 
analyzer's estimates occurred in 
23.5% of dises with clinical CDR(V)s 
between 0.0 and 0.4 DD and in 50% of 
discs with CDR(V)s of 0.9 DD or more. 
There were no differences greater 
than 0.2 DD when considering dises 
with CDR(V)s between 0.5 and 0.8 DD. 
Thus, the optic discs for which the 
clinicians’ and the image analyzer's 
estimates differed the most were 
those with small optic cups (Fig 3) or 
considerably excavated nerve heads 
(Fig 4). 

On further review (by an indepen- 
dent observer) of those discs where 
disagreement between the clinicians 
and the image analyzer was the great- 
est, we found that the optic cups had 
gradually sloping walls, ie, poorly 
defined cup margins (Fig 4). In these 
cases, the clinicians’ estimates may 
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Magnitude of Disagreement, DD 


Fig 6.—Intraobserver agreement for horizontal cup-to-disc ratio. DD Indicates disc diameters. 


have been unwittingly influenced by 
the area of pallor, since the areas they 
identified as cup margins coincided 
with the areas of relative pallor. 
Figures 5 and 6 show the levels of 
intraobserver agreement. The results 
obtained by each clinician were simi- 
lar. The mean (+SD) differences 
between the repeated measurements 
by clinician 1 for both CDR(V) and 
CDR(H) were 0.046 + 0.055 DD and 
0.046 + 0.054 DD, respectively. For 
clinician 2 they were 0.042 + 0.060 DD 
and 0.060 + 0.068 DD, respectively. 
The weighted « value for intraobserv- 
er agreement for clinician 1 ranged 


from 0.81 to 0.86 for CDR(V) and from 
0.77 to 0.89 for CDR(H). For clinician 
2, the intraobserver weighted x value 
ranged from 0.84 to 0.89 for CDR(V) 
and from 0.78 to 0.82 for CDR(H). 

Distribution of differences between 
the two clinicians is shown in Fig 7. 
The mean differences between the 
estimates of the two clinicians for 
CDR(V) and CDR(H) were 0.056 + 
0.002 DD and 0.068 + 0.008 DD 
(P=.74 and P-.53), respectively. 
The interobserver weighted « valu 
for CDR(V) and CDR(H) were 0. 
and 0.78, respectively. 

All differences of 0.2 DD or more in 
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Fig 7. —interobserver agreement for vertical cup-to-disc ratios (CDR[V]}} and horizontal cup- 
 .to-disc ratios (CDRIH]. DD indicates disc diameters. 


the intraobserver and interobserver 
estimates occurred in disces with small 
. or absent cups and in those with slop- 
Ang temporal regions, where the area 
allor did not clearly correspond 
the area of cupping and where a 
on of pallor occurred from the 
in the center of the optic 
) pallor near the peripheral 
gin (Fig 3). 
| COMMENT 


Image analysis is a relatively new 
method of studying optic disc topogra- 
phy. It is an objective,' sensitive,* and 

.. reproducible method’, however, only 
oe a one study (evaluating the incidence of 
<- "essel shift" in glaucomatous optic 
dises). has compared image analysis 
h elinieal observation of the optic 
ig monoscopic photographs). 
Study, the image analyzer 
a shift in optic dise vascula- 
r-a ten-year period twice as 
y as clinicians did. To the 
of our knowledge, before our 
he estimates of CDRs obtained 
^ by image analysis have not been com- 
pared with those obtained by clinical 

examination of simultaneous stereo- 
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hen J: Weighted kappa: Nominal scale 
provision for scaled disagree- 
redit. Psychol Bull 1968;70:213- 
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scopic photographs of the same optic 
dises. 

Previous studies have provided con- 
tradictory reports on intraobserver 
and interobserver agreement in clini- 
cal estimations of CDRs from photo- 
graphs: Klein et al’ and Tielsch et al* 
showed high agreement; Lichter? 
found poor agreement. Given these 
contradictory results and the need to 
standardize our comparison of the 
agreement between the clinicians and 
the image analyzer, we additionally 
evaluated intraobserver and interob- 
server agreement. Since image analy- 
sis results are highly reproducible; 
each of the two values for each eye 
was measured only once. 

We found that agreement between 
the image analyzer and the clinicians 
in estimating CDRs was moderate. 
Clinician 1 was in better agreement 
with the image analyzer than was 
clinieian 2. In comparison, the agree- 
ment between the two clinicians was 
substantial and the agreement of each 
clinician with himself was almost per- 
fect. 

The clinicians’ results and those 
obtained using the image analyzer 
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differed because thet two m tho 


eg, ae excavated opte dises 
4). Finally, the image analyze 
topographic data only, whereas 
clinicians, despite the intent of de 
ing cups on the basis of. topograp 
probably used other, nontopc 
clues (such as pallor) to es 
“CDRs.” This may have led to 
interobserver agreement but 
agreement between the image 
lyzer and the clinicians. . ^ 
Differences of greater than 
occurred in a significant propx 
the optie dises (23.596 of dises j 
CDR[V]s of 0.4 DD or higher and 50 
of dises with a CDR[V] of 0.9 DD ot 
higher). p clinical il estn I 
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Changes in the NE - defit 
r cup both by the clinician a 


ment. For example, the. “dep 
which the outer Dn of the 




















um in this v Up be pre 
perhaps even on a sliding scale rela 
to disc topography. js 

Despite the limitations imposed 
our study by a small sample si 
the fact that estimates were 
by only two clinical observi 
an approximation of the magn 
differences between clinic 
image analysis measurement 
CDRs; it also demonstrates tha 
differences in the estimates obtained 
by each method can occur in. ‘spect 
types of optic discs. E = 
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$ Fast oscillations (FOs) of the electro- 
oculogram are fluctuations in the corneo- 
or. standing potential of the eye 
greatest in response to stimula- 
lark and light periods of approxi- 
ely 1.25 minutes each, in contrast to 
ow oscillations (SOs) of the electro- 
gram, which are greatest in 
abad to dark and light periods of 
proximately 12.5 minutes each. The 
and SOs were measured in 11 
patients from four families with Best's 

macular dystrophy who were found to 
have marked loss of the SOs with pro- 
onged light peaks but relatively pre- 
served. ‘normal or near-normal FOs. A 
tient with autosomal recessive retinitis 
ientosa (RP) with a pericentral distri- 
rof | pigmentary changes also had 
rved FOs of abnormal phase and 
kedly subnormal SO with normal light- 
16. Six patients with early RP (two 
with autosomal recessive RP and 
tients from three families with 
tosomal. dominant RP) had greater 
enuation of FOs than SOs. These 
its can be partially explained by con- 
leration of the generators of these 
ntials. and the known pathophysiolo- 
gy f the two diseases. 

trer Ophthalmol 1989;107:530-537) 
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d Slow Oscillations of the Electro-oculogram in 


he eye has a resting or standing 

potential with the cornea several 
millivolts positive with reference to 
the back of the globe.'* This corneo- 
fundal potential, whose principal 
source is the transepithelial potential 
generated by the retinal pigment epi- 
thelium (RPE); responds to changes 
in retinal illumination.’ The fast oscil- 
lations (FOs) of the electro-oculogram 
(EOG) are fluctuations in the corneo- 
fundal or standing potential of the eye 
as stimulated by alternating dark- 
light periods of approximately 1.1 to 
1.25 minutes each"? in distinction 
from slow oscillations (SOs) of the 
standing potential induced by dark- 
light periods of approximately 12.5 
minutes each.*^'? During the SO, the 
corneofundal potential decreases in 
the dark and increases in the light. 
The FOs are of opposite phase; that is, 
the standing potential increases with 
the dark and decreases with the light, 
as if the FOs were delayed by approx- 
imately 50% of the complete stimulus 
cycle. The SO, of which one component 
is referred to as the light-induced rise 
or light peak, has been found to be 
subnormal in Best's vitelliform macu- 
lar dystrophy'"" and in retinitis pig- 
mentosa (RP).'** In the few investiga- 
tions that have studied both FOs and 
SOs in retinal disease, differences in 
the effect of disease on the two poten- 
tials have suggested that they convey 
separate information about retinal 
pathophysiology.” I have used a 
technique that measures first the FOs 
and then the SOs of the EOG to study 
hereditary retinal dystrophies and 
degenerations.5 Patients with Best's 
vitelliform macular dystrophy show 
preservation of normal or near-nor- 
mal FOs at a time when the SO is 


30 -Arch Oohthalmal—Vol 107 Anri 1980 — 




























Tacular Dystrophy and Retinitis Pigmentosa 


markedly disturbed. A patient with 
autosomal recessive RP with a peri- 
central distribution of pigmentary 
changes showed a similar finding, but 
the phase relationship for the FO was 
abnormal. Patients with early autoso- 
mal recessive and dominant RP, on 
the other hand, showed greater loss of 
the FOs than the SOs. These findings 
suggest that basic differences exist in »- 
these different forms of retinal dys- — 
trophy influencing the generators of 
the potentials that determine the FOs 
and SOs of the EOG. 


PATIENTS AND METHODS 


Eight normal subjects (four male, four 
female; age range, 9 to 59 years; mean, 21.5 
years) were studied to generate data on 
both fast and slow EOG measures using | 
the present computer-assisted technique. 
The patients with Best's vitelliform macu- 
lar dystrophy (Table 1) and RP (Table 2) 
whose cases are reported in this study were 
among more than 500 patients with retinal 
dystrophies and allied disorders seen by _ 
me on referral for evaluation from 1981 % 
through 1987. Inclusion criteria for this 
study for the patients with Best's dystro- 
phy were certainty of the diagnosis and 
EOG testing using the present technique. 
Eleven patients (four male, seven female; 
mean age, 25.5 years) with Best's vitelli- 
form macular dystrophy from four fami- f 
lies were studied with EOG, and in some m 
cases, electroretinography (ERG). All -.. 
patients with Best's vitelliform: macul: 
dystrophy had a history of. othe 
family members. Eight patients with RP 
from six families underwent both ERG and 
EOG. Two were sisters with autosomal 
recessive disease, whereas four were from 
three separate families with multiple gen- 
erations of autosomal dominant RP. The 
data from patient 18 with autosomal recat 
sive RP with a pericentral distribution to 
the pigmentary changes and patient 19 
with retinitis punctata albescens were 
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Visual 
 Acuity 









Plano OU 20/20 — OU 
~~ Plano OU 20/15 — OU 
+1.50 sphere 20/20 — OD 
+0.50 + 0.50 X 90° 20/40 — OS 
Plano OU 20/15 — OU 









+0.25 + 0.50 x 90° 
+0.25 + 0.25 X 85° 


20/25 — OD 
20/20 OS 





Pericentral scotoma 


Fundus | 
Appearance - 





Visual Fields 


NT Disrupted yolk OD; 
partly absorbed yolk 
u OS 
NT Norma! OU 






Partially absorbed 
OD with I-3-e and vitetliform lesions OU 


l-4-e test targets 


NT Subtie macular RPE 


defects 


NT Vitelliform lesions OU 


NT Vitelliform lesions OU; 
OS larger than OD 

NT Massive vitelliform 
lesions OU 

NT Extramacular lesions 


Macular and 
extramacular 
vitelliform lesions OU 


Mild pericentral loss 
OS (10- to 24-dB 
depth) with 


Humphrey 30-1 


6/18/M Plano + 1.50 X 10° — 20/30 + OD 

Plano + 0.75 X 15° 20/30 — OS 

7/15/M | —0.25-* 0.25 X 85° 20/20 — OD 

; —0.25 + 1.25 X 82° 20/20 — OS 
= B/44/F +1.24 +0.25 X 103° 20/15 OD 
| +1.00 +0.25 X 65° — 20/15 OS 
9/38/M -1.00+0.75X 17° 20/30 OD 
—0.87 + 1.00 X 8? 20/70 OS 
10/12/F | —0.75 + 0.50 X 10° 20/50 OD 

Plano 20/400 OS 

11/41/M — +0.25 40.25 X 90° 20/30 OD 
+0.25 + 0.25 X 90° — 20/60 OS 








compared separately because of the clearly 
fferent clinical nature of their dystro- 
hies. All patients in this report under- 
nt complete ophthalmologic examina- 
yn, fundus photography, and, in all cases 
of RP, visual fields and final dark adapta- 
tion thresholds. Dark adaptation thresh- 
olds without the predark adaptation 
bleach exposure were measured using a 
stepping-motor controlled Goldmann- 
Weekers adaptometer with a 11° centrally 
fixed target." 
| The technique of recording ganzfeld 
.. ERGs has been described previously. ^^ 
Pupils were maximally dilated. Dark- 
adapted ERGs were recorded after at least 
inutes; photopic responses were mea- 
after ten minutes of adaptation to 20 
mberts. Burian-Allen bipolar con- 
ns eleetrodes recorded the signal, 
was differentially amplified with a 
jandpass of 0.1 to 1000 Hz. Waveforms 
"were analyzed under computer control for 
- amplitudes and implicit times of major 
. peaks and the results compared with age- 
corrected normal data for responses that 
have shown age effects and pooled data for 
esponses without major age effects. 
For the EOG, the patients were in- 
"ucted. to gaze at two red light-emitting 
es, situated 30? apart, that alternated 
2 Hz. Skin electrodes placed on the 
teral canthal areas recorded 
of the potentials generated 
$ between the two light- 
'he signal for each eye 
y amplified with a band- 
0 Hz and digitized with a 
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Vitelliform lesion OD; 
hyperpigmented scar 
OS 


Dense central 
scotomas OU with 
i-2-e and ill-4-e 
test targets 

NT 


Mottled macuiar RPE 
OU 


* ERG indicates electroretinogram; DA, final rod dark adaptation threshold; NT, not tested; and RPE, retinal pigment epithelium. 


sampling rate of 512 points in each 20-s 
epoch. The amplitude of the potential 
swings with each eye movement was mea- 
sured and stored by the computer with the 
time as the measured amplitude in micro- 
volts per degree of fixation shift. Artifacts 
produced by blinks or extraneous motions 
were minimized by measuring only eye 
movements that generated relatively nor- 
mal saccadic velocities. For the first 15 
minutes of testing, the patient was exposed 
to alternating dark and light periods of 75 
s each in a ganzfeld stimulator (20 foot- 
lamberts) to elicit FOs of the standing 
potential. For the second 15-minute period 
of the test, the background illumination 
was off, and the standing potential 
decreased to reach a minimum, the dark 
trough amplitude of the EOG. For the last 
15 minutes of testing, the background light 
was on, resulting in a slow “light-induced” 
rise of the standing potential, the light 
peak amplitude. The dark trough of the 
EOG varies among normal subjects from 6 
to 27 nV per degree,“ mostly depending on 
ambient illumination but, in part, from 
facial anatomie variations and differences 
in positioning of the skin electrodes with 
reference to the cornea. The light-induced 
rise of the standing potential (DT-LP rise), 
which occurs usually between seven and 
nine minutes into the final phase of the 
study, can likewise vary among normal 
subjects.^ Amplitudes and timing mea- 
surements for peaks and troughs were 
made by computer programs from a digi- 
tally smoothed copy of the data. I used the 
commonly accepted transformation of the 


log elevated OU 


Normal ERG and DA 
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NT 

NT Son of patient 8: ; broth 
patient 6 

NT Mother of patients 6: an : 

NT Father affected 
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Daughter of patient 11 


NT Father of patient 10 


data, the light peak divided by th 
trough, to obtain a light-to-dark ra 
which ean be expressed as a decimal nu 
ber or as a percentage of increase, the 
Arden index." PT. 

Although there is no similar standa C 
criterion for measuring the FOs, mos 
investigators measure amplitude wit: 
erence to the standing potential and ti 
as either phase or latency of the 
compared with the fluctuations o 
stimulus light. Square, triangular, an 
waves (each of a cycle length of 150 s) v 
compared with the FOs of each patient foi 
each eye to determine which wavefor: Y 
best fit the data. First, multiple cros 
correlations of the FO fluctuations of ti 
standing potential were performed to the 
three compared waveforms as they were 
each progressively shifted through the 
complete cycle in 0.01-cycle increments 
The percent of the cycle advancement of. 
the compared curve that produced the. 
highest correlation coefficient was taken 
as the phase (FO phase) of the individual 
subject's data. In practical terms this mea- 
surement determines how much the. FO 
fluctuations lagged behind the changes i 
the stimulus light. For normal subjects 
this is approximately 50%. By this means à 
satisfactory waveform fit of the original. 
data was created. Although for some of the 
data the triangular waveform appeared to 
work equally well, for most of the data the 
sine wave produced the largest cross corr 
lation coefficients. The ampli t 
FOs were measured from the average of al 
patient data points within +3 
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||] Patient/ 
: Age, y/Sex 
3 | 12/34. 5]F- 


"E. _ Refraction se 
"Plano +f, 25 x 145^ OD 20/20 QU 
Plano + 1 25 X 30° OS 


18/12.5/F Plano OU ~~ 20/20 OU 


© 14/26.1/F Plano OU 20/20 OU 


Ite ti na erm eap nta 


—4.00 sphere OD 


© 1§/22:7/F 
o —4.25 0.37 X 57° OS 


—6.75 + 1.75 X 132° OD 20/20 OD 


16/24.4/M 
2 —6.75 + 1.00 X 50° OS 20/25 OS 


OATAMPIE —175 + 2.75 X 98° OD 














peaks of the compared laing wave with the 


bsol ite unita nien MA per T degroo) 
d as à nondimensional ratio of the peak 
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Visual Acuity 


20/15 — OU Moderate loss with 


20/30 + OD Near normal with [-2-e, 


Fundus 
Visual Fieids Appearance 


Moderate midperipheral Sparse bone spicular 
loss with l-4-e and 
IV-4-e targets 

loss 


Normal Goldmann 
kinetic perimetry with 
I-2-6, I-4-e, and 
IV-4-e targets 


disturbance 


Near normal with !-2-e, 
l-4-e, and IV-4-e test 
targets 


dispersion 


i-4-e and iV-4-e test pigment 
targets 
Near normal with Normal 


OCTOPUS programs 
23 and 34 


—1.00+ 1.75 X 86° OS 20/50— OS l-4-e, and IV-4-e test otherwise normal 
targets 
38/35.0/ F —100--1.50X 118° OD 20/400 OU . Large dense central Mottled retinal-pigment 
uen —0.25 + 1.50 X 72° OS scotomas with IV-4-e — epithelium in macular 
test target region OU 
19/30.0/M Plano OU 20/400 OD Moderately dense Myriads of tiny white dots; 
: 20/200 OS central scotomas OU macular degeneration OU; 


with {-3-e test targets 


to the trough (FO ratio), analogous to the 
use of the Arden ratio for the SO. Such 
measurements of real data points allowed 


for the rare finding of a negative FO 


amplitude and an FO ratio less than unity 


Minima! peripheral pigment 


Mild-moderate bone spicular 


Cystoid macular edema OU, 


retinitis punctata albescens 


E Electroretinogram/ 
Dark Adaptation 
(DA) Threshold 


Severe rod b-wave loss (40 pV or 10%)* 





pigmentation, midperipheral Marked mixed scotopic b-wave loss (118 
retinal pigment epithelium 


uN or 20%) 

Mild photopic cone loss (100 uV or 47%)t 

Moderately prolonged cone implicit time 
(35.2 ms)t 

DA elevated 1.4- 1.5 log units above mean 
at 40 min 


Mild midperipheral pigmentary Moderate rod b-wave loss (187 pV or 41% 


of mean)§ 

Mild mixed scotopic b-wave loss (420 uV or 
66590) 

Mild photopic cone loss (136 uV or 54%)|| 

Mildly prolonged cone implicit time (34.0 
ms)t 

Undetectable rod b-wave («10 uV} 

Marked mixed scotopic b-wave loss (120 
uV or 20%) 

Normal photopic cone b-wave (130 zV or 
59%) 

Normal cone b-wave implicit time (29.5 ms) 

2.1 log DA elevation at 40 min 

Undetectable rod b-wave («10 uV) 

Severe mixed scotopic loss (55 nV or 9%) 

Moderate photopic cone loss (78 uV or 
34%) 

Normal cone b-wave implicit time (30.1 ms) 

1.9-2.1 log DA elevation at 40 min 

Moderate scotopic rod b-wave loss (192 uV 
or 4595) 

Moderate mixed scotopic loss (280 uV or 
4696) 

Normal photopic cone b-wave (154 uV or 
67%) 

Normal photopic b-wave impilicit time (28.7 
ms) 

Normal DA threshold at 50 min (at mean) 


Marked scotopic rod b-wave loss (98 uV or 
22%) ‘| 
Moderate mixed scotopic b-wave loss (206 i 
uV or 33%) i 
Normali photop:c cone b-wave (264 uV or 
10956) 
Moderately prolonged photopic b-wave 
impilicit time (35.4 ms) 
0.6 log DA elevation QU at 75 min 
Undetectable rod b-wave («10 uV} 
Severe mixed scotopic b-wave loss (35 uV 
or 6%) 
Moderate photopic cone b-wave loss (32 uV 
or 1596) 
Severely prolonged cone b-wave implicit 
times (43.4 ms) 
1.7-2.3 log DA elevation at 40 min 
Moderate rod b-wave loss (180 uV or 43%) 
Mild mixed scotopic b-wave loss (364 pV or 
6196) 
Mild photopic cone b-wave loss (89 uV or 
4096) 
Normal photopic b-wave implicit times (30.6 . 
ms) 
3.5 log DA elevation OU at 40 min 








Percentage i is. patient' $ value compared with normal mean for age.?? Lower limit of normal 95% confidence range for age is 277 uV. 
wer limit ot. normal 95% confidence range for age is 111 uV. 
495% confidence range for normal subjects is 25.9 to 30.7 ms. 
8 wer limit of normal 95% confidence range for age is 325 uV. 
Lower limit of normal 95% confidence range for age is 153 aV. 


in patient records that show very little 
true FOs. | 

Standard. descriptive and óneifuctor 
analysis of variance (ANOVA) compara- 
tive statisties were applied to data from 
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Comment 


Brother, father, 
paternal aunt, 
and other 
relatives 
affected; mother 
of patient 13 





Mother, maternal 
uncle, and other 
relatives 
affected; 
daughter of 
_ patient 12 


Autosomal Sister of patient 
recessive 15; parents and 
all other relatives 
normal 





“Au osomal dominant 











€ leaves shawnee 


‘Autosomal Sister of patient 14 


|." recessive 


^. Autosomal dominant ^ Father and 
numerous 
paternal relatives 
affected 


somal dominant ^ Mother, maternal 
Zu grandmother, 
and maternal 
great 
grandfather 
affected 


inm eren e PI e HARI HII HH eH Here e rennen drm enr rry tan 


-Autosomal Sister similarly 
recessive affected; parents 

and all other 

relatives normal 


Retinitis punctata 
albescens; 
parents, five 
brothers, and 
five sisters 
normal by history 













ormal. group, the patients with Best's 
nacular dystrophy, and the six 





‘ANOVA indicated signif- 
among the three groups, 
ince between the various 
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age, 23.0 years) with early 
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for B, C, and D (odi was 8.2 utasi. 


group combinations was sought using the 
Fisher Protected Least Significant Differ- 
ences (PLSD) test and the Scheffé F test. 


RESULTS 


Tables 1 and 2 present the clinical 
data on age, sex, visual acuity, visual 
fields, fundus appearance, and ERGs 
on the patients with Best's macular 
dystrophy and RP. Details of the clin- 
ical findings, visual fields, and ERGs 


values for patients. FO ratios for B, C, and D were 1. 15, 1.21, and 1.27; SO ratios. were 
1.10, and 1.27. Note greater loss of SO Made with FO for E B, C, and D. Niel 


major EOG variables for all patier 
and the means and indexes. of val 










Amplitude of Potential, uV per Degree of Fixation Shift 


20 


10 














reases in light and increases in dark. 


ance Pus the normal subjects. The 
means and SDs of the SOs and FOs for 
the normal subjects were similar to 
those reported by others." Table 4 
compares the normal. values with 
those from patients with. both Best's 








20 25 30 35 40 45 


Minutes 


Fig 2.—Electro-oculogram (EOG) from normal subject (A), left eye of patient 16 with autosomal 
‘dominant retinitis pigmentosa (RP) (B), left eye of patient 14 with autosomal recessive RP (C), 
ight eye of patient 19 with autosomal recessive retinitis punctata albescens (D), and right eye of 
atient 18 with autosomal recessive pericentral RP (E). Ordinate is amplitude of potential in 
icrovolts. per degree of fixation shift. Event marker line below indicates ‘‘on” or “off” of the 20 
oot-lambert background illumination. Fast oscillation (FO) peaks are indicated by closed arrows; 
low oscillation (SO) light peaks, open arrows. See Table 3 for values of FO and SO factors. FO 
SO ratios were 1.19 and 2.26 for normal EOG. FO ratios for patients B, C, and D were 1.07, 
and 1.03; SO ratios were 1.81, 1.91, and 1.61. Note greater loss of FO compared with SO 

patients B, C, and D. Patient E had subnormal SO ratio (1.47) with preservation of good FO 
tio 1.20) but FO phase was opposite of normal. FO phase was close to zero, that is, the 
at ing. potential rose with light and fell in dark for the patient, whereas, in normal subjects FO 

uations lag behind by approximately one half of full light-dark cycle such that potential 


macular dystrophy and RP for the SO 
light rise (DT-LP rise), the SO light- 
to-dark ratio, the SO light-peak time, 
the FO amplitude, the FO phase (the 
lag in the FO response to the stimulus 
expressed in percent of the stimulus 
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; và S for any ‘of the groups 
showed significant decrease with age. 
Patients. with both Best’s macular 
dystrophy and RP had subnormal SO 


light rise and light-to-dark ratio, but € 


the values were significantly lower for 
patients with Best’s macular dystro- 
phy. 

The mean (+SD) light-peak ampli- 
tudes varied significantly among the 
three groups (11.2 + 4.5, 19.6 + 9.8, 
and 28.2 + 7.4 uV per degree for 
patients with Best’s macular dystro- 
phy, RP, and normal subjects respec- 
tively; ANOVA, P = .0001) and the 
differences between groups mirrored 
the differences between groups for the 
light-induced rise (DT-LP rise), but at 
a slightly less level of significance (for 
RP vs normal and Best’s macular dys- 
trophy vs RP, Fisher PLSD test was 
significant at 95% confidence level; 
for Best’s macular dystrophy vs nor- 
mal, Scheffé F test was significant at 
99% confidence level). The SO light- 
peak time was normal for the patients 
with RP but significantly delayed for 
patients with Best’s macular dystro- 
phy. The FO phase for the normal 
subjects averaged 51.4 + 3.7, which 
meant that the FOs lagged after the 
stimulus changes by 51.4% of the total | 


2.5-minute cycle. The FO amplitude ^. 


was severely subnormal for patients 
with RP and mildly decreased for 
patients with Best’s macular dystro- 
phy compared with normal subjects, 
but the FO ratio for patients with 
Best’s macular dystrophy was normal. 
In the six mildly affected patients 
with RP the FO ratio was significant- 
ly lower than either normal or that 
found in the patients with Best’s mac- 
ular dystrophy. Thus, the SO showed 
greater abnormality in patients with 
Best’s macular dystrophy and the FO 
greater abnormality in the patients 
with early RP. No significant differ-_.. 


ence was found for the patients com- ® 


pared with normal subjects in the 
mean (+SD) amplitude of standing 
potential (8.5 + 2.7, 12.0 + 5.4, and 
12.0 + 4.3 uV per degree for patients 
with Best's macular dystrophy, pa- 
tients with early RP, and normal sub- 
jects, respectively; ANOVA, P = .108), 
dark trough time (11.5 x 1.8, 9.4 + 
24, and 11.0 € 0.9 minutes for 
patients with Best's macular dystro- 
phy, RP, and normal subjects, respec- 
tively; ANOVA, P = 093), and the 
FO phase os (8.0%, 47.1% + 
12.1%, and 51.4% + 8.19 of cycle for 
patients with. Best’s. macular dystr 

phy, RP, and normal. subjects, DE 
tively; ANOVA, P = 405). Although 
the values for the two eyes of a given 
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TE Bests 8.10/8.02  9.01/8.14 0.91/0.12  1.11/1.01 9.69/10.57  9.82/9.76  183/0.75 43/54 T 
22 Best's  12.09/6.18  19.9/9.13 7.81/2.95  1.65/1.48 8.22/13.00 8.96/7.97  4.04/2.22 50/51 1.83/1.84 
8 Best's 5.21/4.88 7.28/5.71 2.07/0.83  1.40/1.17  9.:8/5.59  9.49/8.26 0.67 /0.61 41/51 )4HYl1.12 -— 
A Best's 8.19/6.95 11.58/10.09 3.39/3.14  1.41/1.45 11.11/12.69 12.87/12.75 — 1.49/1.36 — 51/49 — 117/118. 
(5 Best's —16.24/14.31  23.6/21.16 7.36/6.84 1.45/1.48 13.71/13.50 11.19/13.36 — 1.93/1.71 44/43 RINII- 
6 Best's 5.66/5.60 7.54/7.02 1.88/1.36  1.33/1.24 11.19/9.88  12.75/12.95 1.20/1.17 ^ 51/51 1.19/1.19..— 
7 Best's — 6.47/7.00 8.63/9.24 2.16/2.25  1.33/1.32  7.68/14.43 13.12/9.18 1.14/0.55 46/40 1.18/1.07 < 
8 Best's 9.81/8.48 10.75/9.77  0.94/1.20  1.10/1.15 13.57/13.18 12.58/11.83 — 2.08/2.21 48/49 121/127 0) 
9 Best's 9.46/9.58  13.6/14.01 4.14/4.43  1.44/1.46 13.82/12.26 12.75/12.66 1.76/1.57 48/45 1.15/1.14. — 
10 Best's  7.74/6.57 9.8/8.35 2.05/1.79  1.26/1.27 12.87/13.34 13.17/13.69 1.90/1.69 ^ 50/50 127/127 - 
11 Bests  10.42/8.97 11.55/9.58 118/061 111/107 1189/1171 9.21/12.27 234/247 52/51 123/126 
12 ADRP  10.71/10.82 11.65/19.61 0.93/2.79 109/126 6.49/8.42 —5.97/6.57 —0.08/-0.88 32/33 0.99/097 
13 ADRP 6.001/673  12.01/13.28 6.00/6.57 2.00/1.98 6.37/11.03 5.24/7.72  —0.43/1.22 31/44  0.94/1.16 
14 ARRP 13.58/10.85 25.21/20.71 11.63/9.86  1.86/1.91 10.09/12.02  6.65/6.57 1.21/0.57 49/61  107//104 
15 ARRP —— 9.46/8.48  15.71/12.87 6.25/4.39  1.66/1.52 14.38/8.01 — 5.98/5.70  0.38/—0.37 50/82 1.03/0.97 
16 ADRP = 23.34/21.05 37.66/38.13 14.31/17.08 1.61/1.81 12.21/12.24  9.14/8.24  2.23/1.52 48/47 1.107 1.07 
17 ADRP  12.67/11.16 18.45/15.74  5.78/4.58 1.46/1.41 6.31/5.78 5.13/5.13  0.49/0.03 — 44/44  1.08/100. 
18 PRP 10.25/10.25 15.07/13.72  4.82/3.47  1.47/1.84 13.80/14.25  6.28/4.08 — 2.33/1.87 -4 1.20/ 1. T. 
19 RPA 3.29/3.68 | 5.50/6.08  2.21/2.40 1.67/1.65 8.20/7.61  6.66/6.83 ^ 0.12/0.13 50/61 103/102 ..- 
Normal subjects E 
(n = B) ! 
Mean 12.00 28.19 16.19 2.45 10.99 7.95 | 8.04 51.44 1.217 
SD 4.30 7.40 398 042 0.92 0.82 1.77 3.70 0. 152. 
SE 1.52 2.62 1.41 0.15 0.32 0.29 0.63 1.31 ' 
Range of points 4.38-18.53 19.13-40.12 11.75-22.44 2.00-3.16  9.90-13.02 6.51-9.00 1.85-6.21  47-57.5 







santed herein, the ANOVA 4 
Fisher PLSD test results were similar 
for analyses of the right and left eye 
data alone. 





COMMENT 


In 1849, du Bois-Reymond showed 
that the eye had a resting or standing 
potential with the cornea positive in 
reference to the back of the eye: 
.Holmgren' is credited in 1865 with 
observing that this potential varied 
epending on light striking the eye. 
onset of light evokes a fast tran- 
mne. or waveform in the standing 








pote 

.30 to 200: 0. ms, which is the ERG. Slow- 
er responses, measured over a few 
seconds to several minutes, reflect 
potentials generated in the RPE. 
However, in 1962 a test was devised to 
measure indirectly the increase of the 
SO of the standing potential as an 
‘indicator of RPE function.” 

The RPE has three known electrical 


M responses to light stimulation'* (1) 


the c wave of the ERG, which is the 
ion of a hyperpolarization of 
ical membrane of the RPE in 
e to the sudden decrease in the 
1m concentration in the subre- 





phthalmol— Vol 107, April 1989 


|. *EOG indicates electro-oculogram; RP, retinitis pigmentosa; DT Amp and LP Amp, dark trough amplitude (standing potential) and light-peak ampli ud 
light-peak rise; L/D ratio, light-peak to dark trough ratio; DT time and LP time, dark trough and light-peak times, FO Amp, fast oscillation amplitude; FO pha: 
ellations; and FO ratio, fast oscillation ratio. Data are presented as right eye / left eye. 


tinal space that follows light-stimu- 
lated hyperpolarization of the photo- 
receptors; (2) the FO of the EOG, 
which is the reflection of the delayed 
hyperpolarization of the basal mem- 
brane of the RPE”; and (3) the light 
rise or SO of the EOG, which is the 
reflection of an even slower depolar- 
ization of the basal membrane of the 
RPE.* 

The c wave of the ERG and the FOs 
of the EOG are events that are tied to 
the decrease in subretinal potassium 
concentration, whereas the light rise 
or SO of the EOG is probably not 
potassium dependent. The chemical 
mediator of the slow light rise is not 
known but could involve a secondary 
messenger, such as calcium? or a 
cyclic nucleotide, or another sub- 
stance elaborated by the RPE or 
photoreceptors.” 

The c wave of the direct current 
ERG has been claimed to parallel the 
SO of the EOG in the degree of abnor- 
mality in most retinal diseases." Róv- 
er et al? found that the e wave of the 
ERG reflected greater abnormality in 
Best's macular dystrophy than the SO 
of the EOG. Retinitis pigmentosa is 
generally accepted to produce a sub- 
normal SO in early to moderately 













advanced disease and visti dej: 
radation of the standing potentia 
itself in advanced disease. 9!*9255 The 
patients with RP in the present study 
had early relatively mild disease with. 
preservation of sizable cone and, in- 
some instances, rod ERGs. Presum- 
ably these patients with RP will go on : 
to develop further loss of their SOs. 
and degradation of the standing. 
potential as their disease progresses. | 

The SO of the EOG has been known 
to be subnormal in patients who have 
inherited the autosomal dominant. 
gene for Best's vitelliform macular. 
dystrophy," even when the fundus. 
appearance is normal" The present. 
study shows that the SO is not only 
subnormal, but the latency of the. 
light peak is prolonged significantly . 
compared with normal subjects. or- 
with patients with early RP. This. 
prolongation of latency possibly 
reflects a change in the rate of basal : 
membrane depolarization. E 

Since Kolder and Brecher? and. 
Kolder and North* first described the 
FOs of the EOG, they were known to 
be affected differently compared with 
the SO by urethane anesthesia in lab- 
oratory animals and in different dis- 
eases in humans. The SO is ablated by . 
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Best's vs normal  —13.49 —1.14 
(17%)t,¢ (53%)t.¢ 

RP vs normal ~8.68 —0.82 
(4695), (67%)t,¢ 

Best's vs RP —4.81 —0.32 
(369498. |l (80%)§ 





§Significant at 95% level for Fisher’s PLSD test. 
[Significant at 95% level for Scheffé F test. 


- urethane anesthesia, whereas the FOs 
< appear to be more resistant to the 
. effects of urethane. De Rouck and 
» Kayembe” reported that the SO was 
subnormal and the FOs were normal 
in chloroquine maculopathy, whereas 
both FOs and SOs of the EOG were 
absent or severely reduced in typical, 
moderately advanced RP. The present 
study found that in very early RP, the 
FOs can be affected to a greater 
extent than the SO. 
. To date and to my knowledge, there 
. have been no reports of studies of the 
- FO of the EOG in Best's macular 
—. dystrophy. The present study demon- 
strates that the FOs are more pre- 
served than the SO in Best’s vitelli- 
form macular dystrophy. Although 
= the oldest patient with Best's macular 
- dystrophy in this report is 45 years of 
. age, the FO amplitude did not appear 
-to correlate with age. It is conceivable 
that some older patients may show 
. deterioration of the FOs, but my expe- 
 rience with a limited number of older 
. patients does not support this. The 
oldest patient I have yet tested with 
A Best's disease using the current tech- 
. nique, the grandmother of patient 5, 


3.44 


MEM MM M drm hth PLAT RATT ALAA hhh rarer ARAL 


(143%)t,¢ (55998 
—1.45 —2.50 —4.85 —0.186 
alc 6 nx INIT. onace kei 

4.88 1.13 1.01 0.157 

(17595)t,4 (11599) ] 


































* Values used for the above analysis of variance (ANOVA) were the average of the two eyes. DT-LP ríse 
indicates the dark trough to light-peak rise; LD ratio, light-peak to dark trough ratio; LP time, light-peak time; (FO 
Amp), fast oscillation amplitude; FO phase, fast oscillation phase; FO ratio, fast oscillation ratio: and RP, 
retinitis pigmentosa. Negative numbers signify that the first group value was lower than that of the second. 
Figures in parentheses next to significant comparisons are either percentages of group mean to normal mean 
or, in the case of Best's vs RP, the percentages of the Best's group mean to RP group mean. 

tSignificant at 9996 level for Fisher's Protected Least Significant Differences (PLSD) test. 

iSignificant at 99% confidence level for Scheffé F test. 


was recently studied at age 61 years 
and showed intact FOs with a subnor- 
mal, prolonged light peak. Results of 
her study were indistinguishable from 
those of her affected grandchildren. 
Of the patients with Best's macular 
dystrophy, patient 3 had the lowest 
FO amplitude and FO ratio. She also 
had the lowest dark trough amplitude 
or standing potential. Nevertheless, 
her FO ratio was greater than the FO 
ratio of any of the six patients with 
early RP. 

Although preserved FOs and sub- 
normal SOs are highly characteristic 
for Best's macular dystrophy, other 
conditions involving the macula have 
been reported with these EOG find- 
ings. De Rouck and Kayembe?^ re- 
ported that the FOs were more pre- 
served in chloroquine maculopathy. 
Rohde et al* reported similar findings 
of preserved FOs but subnormal SO in 
a 50-year-old patient with unspecified 
maculopathy. The FOs were normal 
for amplitude and latency in domi- 
nantly inherited drusen, even in those 
few patients in whom the SOs were 
abnormal.’ Patients with fundus flav- 
imaculatus and Stargardt’s disease 
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have shown both normal and mildly 
abnormal FOs and SO light peak 
using the current technique but the 
findings are not nearly as distinctive 

as in Bests macular dystrophy _ 
(R.G.W., 1988, unpublished observa- € 
tions). All of the above disorders 
involve the RPE. 

The significance of the finding of 
the normal FOs in Best's disease and 
the subnormal FOs in early RP can be 
inferred from what is known about 
the generators of these potentials and 
what is known about the pathophysi- 
ology of the two disorders. The rela- 
tively normal FOs, which are linked to 
the potassium concentration changes, 
would suggest that the light-induced 
decrease in extracellular potassium 
concentration is normal in Best's dis- 
ease. This would be consistent with 
the histopathologic findings since the 
photoreceptors are believed to be nor- | 
mal in this disorder (except, of course, | 
in maculas where photoreceptors are 
lost secondarily to disruption of the 
vitelliform lesions with scarring). 
Since the SO is subnormal and pro- 
longed in Best’s disease, one must 
evoke some interference with the nor- 
mal depolarization of the basal mem- 
brane. There could be a loss of the 
voltage-generating mechanism of the 
SO at the basal membrane, ie, a defect 
of basal membrane conductance, or 
there could be an absence of the 
“light-peak substance" or second mes- 
senger, if one is involved. The histo- 
pathologic finding of deposits similar 
to lipofuscin in the pigment epitheli- 
um throughout the retina? and the 
recent demonstration of similar mate- 
rial in the subretinal space and inner 
layers of Bruch's membrane” suggest 
the possibility that the mediator of 
the SO, which appears certainly dif- 
ferent from that for the FO, could be 
blocked from producing its effect in 
generating the depolarization of the. 
basal membrane of the pigment epi- * 
thelium. 

Lipofuscin is a heterogeneous mix- 
ture of damaged molecules, believed 
to be the result of lipid peroxidation 
and formation of malondialdehyde 
and other aldehydes, which, by form- 
ing cross-links of lipids with proteins 
and other molecules, in turn produces 
massive aggregates many times the 
original size." Lipofuscin apparently 
cannot be degraded by native lyso- 
somal enzymes, and its accumulation 
in RPE is believed to play a role in 
age-related macular degeneration 
through photodynamic effects. Lipo- 
fuscin absorbs radiation efficientl¥ 
but unlike melanin, which protects 
against radiation damage by confining 
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'side effects to the boundaries of the 
“melanosomes, lipofuscin allows the 
ion to be readmitted into the 
of the RPE as blue and yel- 
velengths." Such an en- 
might be expected to influ- 
ges on polarized molecules 
ld disturb the normal mem- 
esponses. Alternatively, the 
al similar to lipofuscin could be 
consequence of a disturbance of 
metabolism involved in normal repair 
of membranes, which itself could 
result in membrane dysfunction. That 
the FO is preserved in Best's macular 
dystrophy suggests that the basal 
membrane is basically intact. 
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Retinitis pigmentosa is believed to 
be associated with a diffuse distur- 
bance of health and physiology of 
photoreceptors and, hence, most likely 
the potassium decrease in response to 
light is subnormal. This would be con- 
sistent with the early loss of FOs, 
which are linked to the light-induced 
drop in subretinal potassium concen- 
tration. Why the SO should be more 
preserved in early RP is currently 
inexplicable but may relate to the fact 
that a separate mediator other than 
potassium concentration appears to 
trigger this potential. Cones as well as 
rods contribute to the S0 The FO 
is undoubtedly rod dominated? and a 
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-Anatomic and Functional Reversibility 


Carmen Harnois, PhD; Jacques Samson, MD; Mario Malenfant, MD; Alain Rousseau, MD 


- @ Canthaxanthin intake is associated 
-with golden yellow crystalline deposits in 
the retina around the macula and low 
. static luminance threshold. Our study 
assesses the anatomic and functional 
reversibility of canthaxanthin retinopathy. 
The number of retinal deposits was evalu- 
ated in nine patients, two to four times 
over a mean period of 55 months. There 
was no significant difference after a nine- 
month follow-up. A statistically significant 
decrease in the number of retinal depos- 
its was found after an observation period 
. of 26 months. The deposits disappeared 
lowly, while some remained even seven 
ears after canthaxanthin therapy was 
discontinued. Threshold static perimetry 
“performed on eight patients with retinop- 
cathy and seven controls did not differ 
significantly between the two groups at 
the end of the follow-up period. The 


results demonstrate that canthaxanthin 


retinopathy is reversibie. 
“(Arch Ophthalmol 1989; 107:538-540) 


} etinal deposits associated with 
/ canthaxanthin ingestion have 
been observed in at least 81 patients 
‘in various countries. These deposits 
-are highly reflective tiny spots of 
-about 30 um that accumulate in the 
“macular area. Retrospective studies 
‘of pure canthaxanthin (Orobronze) 
consumers revealed an incidence of 
retinal deposits varying from 12%? 
(6/51) to 14%? (5/36). The occurrence 
‘of deposits was correlated with the 
‘total dose ingested —37 g of cantha- 
anthin induced retinal deposits in 
0% of the patients," and 60 g induced 
deposits in 100% of the patients.’ 
^ Predisposing factors that lead to 
the onset of the retinopathy at much 
lower dosage included focal disease of 
the pigment epithelium,? ocular 
hypertension,’ and concurrent use of 
eta carotene.’ Patients with derma- 
oses treated with a mixture of can- 
thaxanthin and beta carotene (Phe- 
: oro) also had retinal deposits.*? 





- Accepted n publication Sept 8, 1988. 

:. From the Department of Ophthalmology, 
CHUL Research Center, Laval University Medi- 
cal Center, Quebee, Canada. 

©. Reprint requests to Unité de Recherche en 
Ophtalmologie, Centre de Recherche du CHUL, 
Centre Hospitalier de l'Université Laval, Quebec, 
“PQ, Canada GIV 4G2 (Dr Harnois). 


/538 Arch Ophthalmol— Vol 107, April 1989 


Functional evaluation of patients 
with | canthaxanthin retinopathy 
failed to reveal severe abnormalities. 
A slight decrease in visual acuity was 
reported in one case.’ There are con- 
flicting results about electroretino- 
grams being subnormal'*?" or nor- 
mal Dark-adaptation testing has 
Shown an increase of rod threshold 
either at the very early phase’ or at a 
later stage." An electro-oculogram 
and color vision were considered with- 
in normal limits.5*? Recently, we 
reported threshold static perimetry 
results in patients who had ingested 
canthaxanthin.^ Patients with reti- 
nopathy presented with a higher 
threshold than controls, while the 
threshold results in patients without 
retinopathy did not differ significant- 
ly from those of the control group. 

Previous studies reported an un- 
changed number of retinal deposits in 
individual patients who had stopped 
canthaxanthin ingestion for three 
months,’ eight months? or 12 
months.’ This investigation provides 
an assessment of anatomic and func- 
tional reversibility of canthaxanthin 
retinopathy, after a mean follow-up of 
55 months, as evaluated through the 
number of retinal deposits and 
threshold static perimetry. 


PATIENTS AND METHODS 
Retinal Deposits 


Patients with canthaxanthin retinopa- 
thy were examined two to four times 
between 1982 and 1987. Reversibility of 
retinal deposits was evaluated in nine 
patients by two methods. The first method 
was subjective. Fundus photographs of the 
same eye, taken at different visits, were 
simultaneously presented in a masked 
fashion to eight observers, who were asked 
if there was any difference between the 
two photographs and which one presented 
fewer retinal deposits. The second method 
was quantitative, whereby photographs 
were projected on a checkered screen and 
the retinal deposits counted twice by an 
observer, with the two values being aver- 
aged. 


Static Perimetry 


The retinal sensitivity was evaluated by 
threshold static perimetry. Two groups 
were examined. The first was a group of 
patients who had ingested canthaxanthin 
and presented with typical retinal depos- 
its. The second was a control group com- 





posed of volunteers who had never used 
canthaxanthin. Informed consent was 
obtained from all participants. All patients 
included in the study had visual acuities of 
6/9 or better. No other medication was 
being taken, and no detectable ocular dis- 
ease other than characteristic retinal 
deposits was present. As the observations 
on paired eyes could be correlated, only 
one eye per patient was evaluated. Patients 
were tested three times—in 1983, 1985, and |. 
1987. Patient characteristics for 1983 and ^ 
1985 have already been published.“ In 
1987, retinal sensitivity was reevaluated in 
nine patients (mean SD + age, 46.6 + 8.4 
years) and seven healthy controls (mean 
SD t age, 45.1 + 6.5 years). | 
Static luminance threshold for a white | 
target was measured with a perimeter | 
(Tübinger). A complete description of the 
procedure has been described previously." 
Briefly, the threshold was determined on 
two oblique meridians at each degree up to 
10° from the fixation point. The data were 
grouped from 0° to 4° and from 5° to 10° 
for a mean evaluation of the central and 
paracentral retinal sensitivity for the two 
meridians. The threshold intensity was in 
logarithmic units, whereby a sensitivity of 
0 corresponds to a threshold of 1000 apos- 
tilbs and a sensitivity of 30 corresponds to 
a threshold of 1 apostilb. 


Statistical Analysis 


The number of retinal deposits during 
the different visits was compared through 
Wilcoxon's signed-rank test. For static 
luminance threshold, the difference be- 
tween patients with canthaxanthin reti- 
nopathy and the controls was evaluated by 
the t test. 


RESULTS 
Retinal Deposits 7X 


The number of retinal deposits 
decreased after the cessation of can- 
thaxanthin ingestion, as evaluated by 
the qualitative and quantitative 
methods. The fundus photographs 
taken in 1985 were qualitatively com- 
pared with those of 1983. There was a 
relative diminution in erystal deposits 
in 74% of assessments, no change in 
19%, and an increase in 7%. Compari- 
son of the fundus photographs demon- 
strates the decrease in the number of | 
retinal deposits between 1987 (Color 
Figure, right) and 1983 (Color Figure, 
left). In 1987, only the quantitative 
method was used since it leads to the. 
same conclusions as the qualitative 
one and, moreover, provides figures 
for quantitative analysis. 
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Left, Clinical appearance of right fundus of subject 8 in 1983. Glistening crystalline deposits are seen around macula. Total 
dosage, 54 g in 15 months. Canthaxanthin ingestion had been stopped for 36 months. Right, Same patient in 1987. Number 
of retinal deposits had clearly decreased (9296) in 50-month period. 
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For each visit, the number of retinal 
deposits was counted for each patient 
(Table 1). Wilcoxon's signed-rank test 
showed statistically significant dif- 
ferences between 1983 and 1985 
(P = .030) and between 1983 and 1987 
(P= .008), for a mean observation 
period of 26 months and 53 months. 
No statistically significant difference 
(P = .10) was observed for the period 
between 1982 and 1983, ie, a mean of 
nine months. Patient 9 continued to 
use canthaxanthin on a regular basis, 
and the number of retinal deposits 
remained unchanged. Excluding this 
patient, there is a mean diminution of 
78% over a mean follow-up of 55 
months. 

The number of retinal deposits in 
relation to the time lapses once can- 
thaxanthin was stopped (Fig 1) shows 
that reversibility is a very slow pro- 
gs Patient 8 (Color Figure, right) 
Still had retinal deposits in 1987, sev- 
en years after cessation of canthaxan- 
thin ingestion. 
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Fig 1.—Relation between number of retinal deposits and time lapses 
since canthaxanthin ingestion had been stopped. 
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Fig 2.—Mean curves of static perimetry of central 10° of visual field. Data for two oblique 
meridians were averaged. Closed circles indicate controls; open circles, patients with retinal 


deposits. 


Static Luminance Threshold 


The results of static perimetry test- 
ing in 1982 and 1985 were published." 
When the 1985 mean curves of static 
luminance thresholds were compared 
with those of 1987 (Fig 2), the return- 
to-normal sensitivity became evident 
as the patient curve met that of the 
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control group in 1987. Patients with 
retinal deposits had a statistically sig- 
nificant lower retinal sensitivity than 
controls in 1985. In 1987, however, the 
retinal sensitivity did not differ from 
that of the control group (t test, 
P».05) (Table 2). Distribution of 
individual values for the paracentral 
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Mean + SE Luminance Threshold, dB* 


Static 
Perimetry, 


Degrees Controls 


$$$ aai 


Patients 
With Deposits 


1985 Assessment 


24.69 + 0.40(12) 
21.79 + 0.47 


22.06 + 0.42 (9) 
18.62 + 0.63 


1987 Assessment 


22.87 + 0.45(7) 
20.43 + 0.35 


* Numbers of patients are given in parentheses. 
t Significant. 


23 


21 


Sensitivity, dB 


15 
Fig 3.—Paracentral retinal sensitivity distribu- 
tion for control group (C) and patients with 
retinal deposits (M). For sensitivity of 15 dB, 
threshold is 32 apostilbs. 


retinal sensitivity shows a wider over- 
lap of values between the two groups 
in 1987 than in 1985 (Fig 3). 


COMMENT 


To our knowledge, this is the first 
long-term report establishing the 
reversibility of canthaxanthin reti- 
nopathy once the drug is discontinued, 
both from the anatomic and function- 
al point of view. Even though other 
studies had looked at the reversibility 
of canthaxanthin retinopathy, none 
had reported a diminution of retinal 
deposits. ^' However, observation 
time after cessation of canthaxanthin 
was only 3, 8, or 12 months, while with 
our cases, we saw a significant 
decrease only at 26 months, and none 
after a nine-month observation peri- 
od. Moreover, retinal deposits can be 
present even seven years after the 
cessation of canthaxanthin therapy. 
Canthaxanthin retinopathy is there- 
fore slowly reversible, which is in line 
with the observation that the plasma 
concentration of canthaxanthin takes 
at least nine months to recover to 
normal values in patients having 
received a daily oral dosage of 100 mg 
of canthaxanthin for three months.’ It 
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22.93 + 0.81 (8) 
19.76 + 0.90 





is reasonable to expect that the tissue 
concentration will take much longer 
to decrease. In one patient (patient 9) 
who continued to use canthaxanthin, 
however, the number of retinal depos- 
its remained unchanged. 

The numbers of retinal deposits 
reported represent an approximation. 
The visibility of retinal crystals is 
highly dependent on the angle of the 
incident light. Therefore, different 
photographs of the same fundus may 
show a different number of retinal 
deposits. Consequently, this variabili- 
ty in the measurement of retinal 
deposits implies that only important 
decreases will be statistically signifi- 
cant. 

Functional evaluation of patients 
with canthaxanthin retinopathy by 
static perimetry also documented 
reversibility. It should be stressed 
that in 1985, although the retinal 
deposits had already significantly 
decreased as compared with 1983, the 
static perimetry of patients was still 
different from that of the controls. 
Comparison of retinal sensitivities 
within the two groups measured in 
1983, 1985, and 1987 was not possible 
because the control values were dif- 
ferent from one session to another due 
to changes in calibration of the perim- 
eter at each session. Comparisons of 
the retinal sensitivities between con- 
trols and patients are valid, however, 
since they were measured within a 
period during which the calibration 
remained the same. 

The physiopathologic features of 
canthaxanthin retinopathy are still 
largely unknown. Recently, anatomic 
findings were reported for eyes with 
canthaxanthin retinopathy; the pa- 
tient had taken a total dosage of 11.2 g 
of beta carotene and 16.8 g of cantha- 
xanthin.'^ The crystals were found in 
the innermost layers of the retina. 
Most surprising was the observation 
that deposits were located all over the 
retina, from the dise to the ora ser- 
rata, and not only in the area where 
they were seen ophthalmoscopically. 
No cellular abnormalities were ob- 


served. However, a similar study in 
rabbits treated with canthaxanthin 
(39 mg) showed an alteration of the 
retinal pigment epithelium-photore- 
ceptor complex." The return to nor- 
mal values of static perimetry thresh- 


old suggests that the abnormality is < 


not the result of an irreversible ana- 
tomic alteration, as suggested in rab- 
bits." The threshold could be depen- 
dent on cell metabolism or on the 
decreasing of the crystals shadow 
effect on the photoreceptors. More 
studies must be undertaken to fully 
understand this disease. 
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The Association of Posterior Capsular Lens Opacities 


With Bilateral Acoustie Neuromas in Patients 
With Neurofibromatosis Type 2 


Muriel I. Kaiser-Kupfer, MD; Valeria Freidlin, PhD; Manuel B. Datiles, MD; Paul A. Edwards, MD; 
John L. Sherman, MD; Dilys Parry, PhD; Lessie M. McCain, RN; Roswell Eldridge, MD 


e This study of 47 patients from 11 
families with neurofibromatosis type 2 
(NF 2) confirms our previously reported 
association between posterior capsular 
cataract and NF 2. A highly significant 
statistical association was found between 
` the presence of posterior capsular lens 
opacities and the presence of NF 2 as 
determined by magnetic resonance imag- 
ing or pathologic diagnosis. This associa- 
tion was not present for other types of 
lens opacities that could be the result of 
age-related or nonspecific changes. 
When considering the diagnosis of NF 2, 
this finding now makes it essential to use 
a careful dilated biomicroscopic examina- 
tion of the lens to evaluate known, sus- 
pected, or at-risk individuals for this 
potentially early associated manifesta- 
tion. 

(Arch Ophthalmol 1989;107:541-544) 


he neurofibromatoses consist of at 
least two distinct autosomal domi- 
nant disorders with differing clinical 
manifestations.? Neurofibromatosis 
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type 1, originally described by von 
Recklinghausen and previously known 
as peripheral neurofibromatosis, 
presents in childhood and is charac- 
terized by multiple pigmented skin 
macules (café au lait spots), intertri- 
ginous freckling, iris hamartomas 
(Lisch nodules), and multiple skin 
neurofibromas. Additionally, there 
may be optic gliomas, spinal and 
peripheral nerve neurofibromas, mac- 
rocephaly, subtle neurologic or cogni- 
tive impairment, or scoliosis and oth- 
er bony abnormalities.** Recently, the 
gene has been assigned to chromo- 
some 17.° 

Neurofibromatosis type 2 (NF 2), 
also known as bilateral acoustic neu- 
rofibromatosis or central neurofibro- 
matosis, and recently assigned to 
chromosome 22,°’ usually presents in 
the teens or 20s'*” with hearing loss or 
tinnitus as a result of an acoustic 
neuroma (AN). Its major feature is 
Schwann cell tumors that develop on 
the vestibular nerve, often causing 
hearing loss and vestibular symp- 
toms. Other central nervous system 
tumors that are common in NF 2 
include Schwann cell tumors of the 
spinal cord, meningiomas, or gliomas.’ 
In addition to the central nervous 
system tumors, café au lait spots and 
skin neurofibromas may be present. 

No specific ocular manifestations 
had been attributed to NF 2 until 1986 
when an association between this con- 
dition and presenile lens opacities was 
reported” that supported a previously 
published but undocumented report." 
The purpose of this study was to 


expand the series of patients with NF 
2 and “at-risk” family members 
examined for lens abnormalities to 
quantitate the association of posterior 
capsular lens opacities (PC) with the 
presence of NF 2 as determined by 
magnetic resonance imaging (MRI) or 
surgical confirmation of AN. 


PATIENTS, MATERIALS, AND METHODS 


Forty-seven persons from 11 families 
with NF 2 were screened by MRI of the 
head, ophthalmic and audiologic examina- 
tion, and auditory brain-stem evoked 
potentials. Two of these patients were 
included in the previous report." In the Fr 
family, ten of 23 examined individuals had 
NF 2 diagnosed by MRI or pathologic con- 
firmation of AN (Fig 1, Table 1). Among 24 
individuals from ten other families, NF 2 
was confirmed in 11 (Table 1). 

A complete ophthalmic examination, 
including biomicroscopy of the iris, a di- 
lated biomicroscopic examination of the 
lens, and Scheimpflug photography, was 
performed. The diagnosis of PC was made 
when the lens opacity, as seen on biomi- 
eroscopy (Fig 2), was indistinguishable 
from the posterior lens capsule. This loca- 
tion of the PC was independently con- 
firmed later with Scheimpflug photogra- 
phy illustrated in Fig 3 as compared with a 
normal control (Fig 4). The ophthalmic 
examination was done by one observer 
(M.LK.-K.) and the Scheimpflug photogra- 
phy was done by two other examiners 
(M.B.D., P.A.E.), all of whom were masked 
to the NF 2 diagnosis; masking could not be 
controlled for patients with marked hear- 
ing impairment (nine of 47 patients). 

Scheimpflug photography of the lenses 
was performed using the video camera/ 
computerized image analysis system (Zeiss 
Scheimpflug)^? with the slit at 90°. The 
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Fig 1.—Pedigree of Fr family. MRI indicates magnetic resonance imaging; PC, posterior capsular lens opacities. 


Scheimpflug image was digitized, stored in 

Table 1.—Patient Characteristics the videotape, and then analyzed later. 
Linear densitometry of the digitized 
N a | "ES Más i^o mm images is illustrated in Figs 5 and 6 as 
- - performed on the previous two figures. The 

Age < 50 y 16 (69.6) 18 (76.0) image analysis included identification of 
Women 7 (30.4) 8 (33.3) the different regions of the lens (anterior 


MRI positivet 10 (43.5) 11 (45.8) cortex, nucleus, and posterior cortex) and 


PC 9 (39.1) 11 (45.8) linear microdensitometry of the posterior ^ 
Other£ cataracts 9 (39.1) NT§ cortex along the visual axis using a 480-um 


Total 23 (100.0) 24 (100.0) window. The mean pixel value of this area 
was expressed in reflectance units. 

The MRI evaluations were performed on 
0.5- or 1.5-tesla imagers. Section thickness 
was 3 or 4 mm. The MRI diagnosis of an 
AN was based on the observation of a 
tumor arising in the auditory canal (pre- 
senting as a cerebellopontine angle mass), 
as nodularity of the eighth nerve complex, 
or as a small mass displacing cerebrospinal 
fluid (CSF) from the internal auditory 
canal. In patients without intracanalicular 
ANS, the intensity of CSF and neural tis- 
sue within the auditory canal was aver- 
aged, so that the net intensity was slightly 
lower than the intensity of neural tissue & 
alone. When an intracanalieular tumor  ' 
was present, it expanded within the canal 
and displaced CSF, thus increasing the 
intensity slightly, so that it became isoin- 
tense with respect to brain tissue. These 
observations were made on T,-weighted 
images in the axial plane, in which empha- 
sis was placed on anatomic detail with the 
highest resolution. T.-weighted images 
were not found to increase the sensitivity 
or specificity and, in fact, were frequently 
misleading. 

The data were analyzed to determine 
whether lens opacities were associated 
with the presence of AN, documented by 
histopathologic findings or MRI. The Man- 





* MRI positive indicates magnetic resonance imaging, normal; PC, posterior capsular lens opacities. 
tincludes those with tumors that were surgically confirmed. 

Cortical and nuclear. 

§NT indicates not tested. 


E 


Fig 2.—Slit-lamp photograph of posterior cap- 
sular cataract in patient with bilateral acoustic 
neuroma (case 7), aged 59 years. 
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Fig 3.—Zeiss Scheimpflug image of lens in Fig 2; photograph taken of image displayed on 
computer monitor. Line denotes location of lens where linear densitometry was performed, with 


results shown in Fig 5. 





Fig 4.—Zeiss Scheimpflug image of normal lens (28-year-old volunteer). Line denotes location 
where linear densitometry was performed, with results shown in Fig 6. 


tel-Haenszel test for association" was 
employed for estimating association 
between AN (present or absent) and the 
following factors: PC (present or absent) 
and other lens opacities (cortical, nuclear; 
present or absent). 

The mean pixel values in the posterior 
cortex from Scheimpflug photographs 
were analyzed with the Wilcoxon Rank- 
Sum Test since it is relatively insensitive 
to outliers and allowed us not to discard a 

ery large mean pixel value of one patient 
with an AN." Of the two readings for each 
patient (right and left eye), the larger 
value was used. 
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RESULTS 


Twenty-three patients from the Fr 
family were examined (Fig 1, Table 1). 
One patient was excluded from analy- 
sis of PC because of bilateral aphakia 
and no previous examination; five 
patients were excluded from analysis 
because two of them had inadequate 
documentation preceding bilateral 
aphakia, one patient had a unilateral 
corneal scar with no other cataract in 
the fellow eye, one patient had unilat- 
eral aphakia with no preceding docu- 
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Fig 5.—Linear densitometry results in patients 
with bilateral acoustic neuroma (case 17) (Fig 
3). A indicates corneal peak; B, anterior lens 
capsular peak; and C, posterior lens capsu- 
lar/subcapsular cataract peak. For this study, 
data were obtained from posterior cortical 
(including posterior capsular) area only. Units 
of measure for intensity are reflectance 
units. 
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Fig 6.—Linear densitometry results in normal 
lens (Fig 4). A indicates corneal peak; B, 
anterior lens capsular peak; and C, posterior 
lens capsular peak. Units of measure for 
intensity are reflectance units. 


Table 2.—PC Status for Patients With 
and Without Acoustic Neuromas 
(Fr Family) * 


Acoustic Neuromas 





*PC indicates posterior capsular lens opacities; 
plus sign, present; and minus sign, absent. 

tTest for association: x? (1 df) = 10.82; P= 
.001. 

tAge-adjusted x? (1 df) = 9.36; P= .002. 


mentation, and one patient had no 
definitive examination but absence of 
PC. Two patients were excluded from 
analysis of Scheimpflug photography 
because of bilateral aphakia. Table 2 
summarizes the Fr family and shows 
a statistically significant association 
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Table 3.—Other Cataracts in Patients 
With and Without Acoustic Neuromas 
(Fr Family) * 












Acoustic 
Neuromast 
mAr 
Other Cataracts + = 
2 


Present 7 
Not present 4 5 
Total 6 12 


*Test for association: x? (1 dì = .236; P= 
.627. 

tPlus sign indicates present; minus sign, ab- 
sent. 








between the presence of PC in one or 
both eyes and the presence of NF 2 as 
determined by MRI or history of 
known tumor (P = .001). After adjust- 
ment for age, this association 
remained significant (P = .002). The 
analysis of mean pixel values in the 
posterior cortex as determined from 
the Scheimpflug photographs also 
demonstrated a significant (P = .011) 
difference in distribution of mean pix- 
el values between patients with AN 
and without AN (median values, 
12.562 and 8.453, respectively). This 
difference persisted after adjustment 
for age. However, the association 
between other lens opacities and the 
presence of AN (Table 3) was not 
significant (P = .627). 

The data were similarly analyzed 
for the group of 24 patients from ten 
different families (Table 1). One 
patient was excluded from all analy- 
ses because MRI was never performed 
and one patient who had a posterior 
capsular cataract in one eye following 
an episode of pars planitis treated 
with steroids, and who had a normal 
MRI, was not included in the statisti- 
cal analysis for PC or Scheimpflug 
photography. Moreover, Scheimpflug 
photographs were not taken in two 
patients. Table 4, which summarizes 
the data on 22 patients, shows a sta- 
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Table 4.—Non-Fr Patients: PC Status 
for Patients With and Without Acoustic 
Neuromas * 


Acoustic Neuromas 


*PC indicates posterior capsular lens opacities; 
plus sign, present; and minus sign, absent. 


fTest for association: x? (1 
P= .003. 
tAge-adjusted x? (1 df) = 8.95; P= .003. 


df) = 8.57; 


tistically significant association be- 
tween the presence of PC in one or 
both eyes and the presence of NF 2 as 
determined by MRI or history of 
known tumor (P = .003). After adjust- 
ment for age, this association 
remained significant (P = .003). In 
addition, there was a significant 
(P = .011) difference in the distribu- 
tion of mean pixel values between 
patients with AN and patients with- 
out AN (median values, 18.606 and 
8.776, respectively). 

Analysis was then performed on all 
patients, stratified by group. The 
association between PC and the pres- 
ence of ANs was significant (P « .001) 
and persisted when adjusted for age 
(P « .001). Patients with AN also had 
significantly (P «.001) higher levels 
of mean pixel values in the posterior 
cortex as determined from the 
Scheimpflug photographs. 


COMMENT 


Our preliminary report that sug- 
gested an association between the 
presence of AN and PC identified six 
persons with presenile cataracts'? 
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among the 13 persons examined. 
Because the numbers were small, it 
was therefore essential that this asso- 
ciation be examined in an expanded 
study. We therefore recruited a large 
cohort of patients and at-risk family 
members and, for each person, under- 
took a careful clinical evaluation of 
the lenses as well as Scheimpflug pho- 
tography and analysis of the density 
of the posterior portion of the lens 
cortex; the evaluations were done in a 
masked manner where possible. The 
results of this study demonstrated a 
strong association between the diag- 
nosis of NF 2 as determined by MRI or 
histopathologic evidence of AN and 
the presence of PC diagnosed by both 
clinical biomicroscopic examination of 
the lens and Scheimpflug photogra- 
phy. However, there was no associa- 
tion between NF 2 and other lens 
opacities that are more likely age 
related or due to nonspecific lens 
changes. 

These findings are of particular 
interest in two respects. Since the 
gene for NF 2 has been localized to the 
middle of the long arm of chromosome 
22,°’ it is noteworthy that one of the 
genes controlling 8B, lens crystallin is 
also in the same region." 

From a clinical point of view, it is 
important that all patients with NF 2 
be screened with a careful dilated 
biomicroscopic examination of the 
lens by an ophthalmologist; further- 
more, the lens examination should 
also be included in the screening of all 
patients who have a 50% risk for NF 
2. In some, the presence of PC may be 
the first clinical sign of NF 2, thereby 
identifying individuals who will 
require ongoing ophthalmic, audiolog- 
ic, and imaging evaluations. Of partic- 
ular importance is the occurrence of 
PC in young people, the youngest in 
our study being 19 years old at the 
time of diagnosis. 
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Discoid Lupus Keratitis 


Michael B. Raizman, MD, Jules Baum, MD 


e Two patients with long-standing dis- 
coid lupus erythematosus developed 
acute, unilateral, corneal stromal infiltra- 
tion and edema. No evidence of infection 
was found, and both responded rapidly to 
topical corticosteroid therapy. To our 
knowledge, only one case of stromal ker- 
atitis associated with discoid lupus ery- 
thematosus has been published previous- 
ly. We describe the first cases, to our 
knowledge, in which a satisfactory re- 
sponse to corticosteroid therapy is dem- 


X onstrated. 


(Arch Ophthalmol 1989;107:545-547) 


iscoid lupus erythematosus (DLE) 

is a chronic condition with char- 
acteristic lesions affecting the skin 
and mucous membranes. Sun-exposed 
areas are most commonly affected.’ 
While lesions of the eyelids and con- 
junctiva are often seen, corneal 
involvement in DLE is rare. Two cases 
of superficial punctate keratopathy’ 
and one case of stromal keratitis* have 
been reported in association with 
DLE. We treated two patients with 
DLE who developed stromal keratitis 


» -and whose conditions responded dra- 


matically to topical corticosteroid 


therapy. 


REPORT OF CASES 


Case 1.—A 39-year-old black woman 
presented with complaints of intermittent 
foreign-body sensation in both eyes of sev- 
eral months’ duration. There was a one- 
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week history of pain, photophobia, and 
redness in the right eye. The patient denied 
having trauma or previous eye disease. 

She had had a history of DLE since age 8 
years involving the face and lower extrem- 
ities. Three or four courses of oral predni- 
sone were required in recent years to con- 
trol exacerbations. At age 36 years she had 
suffered a myocardial infarction and con- 
tinues to have intermittent angina. She 
applied topical corticosteroids to leg ulcers 
and took oral atenolol. She did not meet 
the American Rheumatism Association 
criteria for systemic lupus erythematosus 
(SLE). 

On examination, the patient exhibited 
characteristic chronic scarring of the fore- 
head, the nose, and both cheeks. The lids 
were normal and free of scarring (Fig 1). 
Visual acuity with correction was 20/30 
OD and 20/25 OS. The right eye had a mild 
conjunctival hyperemia; the conjunctiva of 
the left eye appeared normal. A 3-mm 
round, opaque, white infiltrate was seen 
2.5 mm inside the limbus of the right 
cornea in the superonasal quadrant, and 
was surrounded by stromal edema (Fig 2). 
Two smaller satellite infiltrates were 
noted. The three infiltrates had overlying 
punctate staining with fluorescein. The 
left cornea was normal except for several 
dotlike superficial stromal opacities that 
appeared inactive. The left cornea did not 
stain. The remainder of the ocular exami- 
nation results were within normal limits. 
Diagnostic scrapings and cultures of the 
corneal infiltrate in the right eye were 
performed. Gram’s stain, aerobic and 
anaerobic bacterial cultures, and fungal 
cultures were negative. 

The patient was given 1% prednisolone 
acetate eye drops four times daily, scopol- 
amine hydrobromide eye drops twice daily, 
and bacitracin zinc-polymyxin B sulfate 
ointment before bedtime. Within 24 hours, 
the ocular signs and symptoms improved 
remarkably. One week after therapy 
began, visual acuity with correction mea- 
sured 20/25 OU. The corneal infiltrate was 
much less dense, and the stromal edema 
surrounding the infiltrate had diminished. 
Only faint translucent opacities in the 
anterior stroma remained. There was no 


staining with fluorescein. The stroma was 
minimally thinned. Corneal sensation was 
normal in each eye (6 U [11 mm/g] with 
the Cochet-Bonnet [Lureau, Paris] aesthe- 
siometer). All ocular medications were dis- 
continued. 

Case 2.—A 63-year-old black man pre- 
sented with a one-month history of a red 
left eye, and decreased vision and photo- 
phobia in the same eye of four days’ dura- 
tion. He denied having previous trauma or 
eye disease. A routine eye examination 
performed two months earlier demon- 
strated visual acuities of 20/25 OU and no 
abnormalities, other than mild nuclear 
sclerotic cataracts and long-standing cuta- 
neous scarring from DLE. 

Discoid lupus erythematosus had been 
diagnosed in the patient at age 45 years, 
and multiple skin biopsies were performed 
over the ensuing years, confirming the 
diagnosis of DLE. Lesions involved the 


face, ears, scalp, and extremities. An epi- . 


thelioma of the left ear in an area of 
previously active DLE was noted four 
years earlier. One month before the 
patient presented, an active DLE lesion 
developed on his right knee to which he 
applied a topical corticosteroid. Leukope- 
nia and a positive antinuclear antibody 
test were noted, but he failed to meet the 
American Rheumatism Association crite- 
ria for SLE. 

On examination, the characteristic scar- 
ring of DLE was noted, including the medi- 
al and lateral canthi of both eyes, and the 
left upper lid margin with concomitant 
loss of lashes (Fig 3). Visual acuity with 
correction measured 20/25 OD and 20/200 
OS. Conjunctival melanosis, corneal arcus 
senilus, and mild nuclear sclerotic cata- 
racts were noted bilaterally, but the right 
eye was otherwise completely normal with- 
out inflammation. Corneal sensation was 
intact and normal bilaterally. The nasal 
conjunctiva of the left eye was mildly 
hyperemic and chemotic without dis- 
charge. Mild superficial punctate staining 
with fluorescein was seen over the nasal 
left cornea. The underlying nasal stroma 
was edematous, showing few fine vessels 
and a deep, gray patina of infiltrating cells 
extending into the visual axis (Fig 4). 
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Fig 2.—Case 1 





Fig 1.— Case 1. Discoid lupus erythematosus scarring of face. 
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Fig 3.— Case 2. Discoid lupus erythematosus scarring of face, including eyelids. 


E 


Fig 4.— Case 2. Conjunctival hyperemia with adjacent, localized stromal infiltrates and edema in 
left eye. 
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Round stromal infiltrate with satellite lesions and 
surrounding edema in right eye. 


Anterior stromal, round, irregular (1- to 
2-mm round), overlapping opacities were 
scattered in the involved area (Fig 5). 
Scrapings of the corneal infiltrate were 
performed, and Gram's stain along with 
bacterial and fungal cultures failed to 
reveal organisms. 

The patient was treated with bacitracin 
zinc-polymyxin B sulfate ointment twice a 
day, and 1% cyclopentolate hydrochloride 
three times a day. After three days, no 


improvement in signs or symptoms was- 


noted, and 175 prednisolone acetate eye 
drops were added three times a day. The 
symptoms improved within 24 hours. At 
one week, the conjunctival hyperemia and 
corneal inflammation were moderately 
reduced. After two weeks of corticosteroid 
therapy, the visual acuities were 20/25 OD 
and 20/40 OS. The conjunctiva in the left 
eye revealed only minimal hyperemia, 
without chemosis. The left cornea was free 
of superficial staining and stromal edema. 
The anterior stromal infiltrates had faded, 
and the deeper inflammation had 
regressed to a mild haze. The medications 
were gradually tapered over two months, 
and the patient remains free of inflamma- 
tion two years later. 


COMMENT 


Three cases of corneal involvement 
in patients with DLE have been 
reported. In two cases,?^? a superficial 
punctate keratopathy, responsive to 
systemic quinacrine hydrochloride 
therapy, in association with DLE was 
reported. In neither case were further 
corneal abnormalities described. 
Grayson‘ described and illustrated a 
case of stromal infiltration that fol- 
lowed superficial disease associated 
with DLE. We report two cases of 
stromal keratitis that closely resem- 
ble the case described by Grayson. 

In both of our cases, the patients 
complained of unilateral redness, pho- 
tophobia, and diminished visual acu- 
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Fig 5.— Case 2. Stromal infiltrates in left eye. 


ity. Conjunctival hyperemia adjacent 
to areas of stromal infiltration and 
edema with overlying punctate kera- 
topathy were noted. Corneal sensa- 
tions were normal, and scrapings 
revealed no organisms. Both cases 
responded dramatically to topical cor- 
ticosteroids used in conjunction with 
cycloplegia and antibiotic ointment. 
The nearly identical onset of symp- 
toms and appearance of our two cases 
and the case reported by Grayson 
suggest that this keratitis is associ- 
ated with and characteristic of DLE. 

Both of our patients had classic 
cutaneous changes of DLE without 
meeting the criteria for SLE. In one 
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case the DLE was recently active, and 
previous activity had involved the eye- 
lids. Both patients were black, but this 
is not believed to be either a risk 
factor for nor, as was previously 
believed, a protection from DLE.' 
The immunopathology of the cuta- 
neous lesions in DLE and SLE are 
similar, both having dermoepidermal 
deposition of immunoglobulins, pre- 
dominantly IgG, but also IgM, IgA, 
and complement. In DLE, these 
immune depositions are found only in 
lesions, while in SLE they may be 
found in clinically normal tissue.’ 
Although some controversy remains, 
many authors consider the conditions 
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to represent two ends of the spectrum 
of the same disease.’ Patients with 
SLE may have discoid lesions and 
patients with DLE may develop sys- 
temic involvement. Because of the 
limited number of case reports, it is 
not clear whether the corneal involve- 
ment in these two conditions is simi- 
lar. 

The corneal findings in SLE were 
investigated by several authors. The 
prevalence of superficial punctate 
keratopathy ranges from rare** to 
common.? Single case reports of more 
extensive corneal involvement have 
described hyperkeratosis,” bilateral 
band-shaped deep keratitis,” and 
bilateral interstitial keratitis." Peri- 
pheral ulcerative keratitis has also 
been reported.‘ 

The cause of the corneal involve- 
ment in our cases and those noted 
above is unclear. It is possible that a 
vasculitis near the limbus, similar to 
that seen in other small vessels 
throughout the body in patients with 
lupus, may lead to inflammation and 
edema of the adjacent cornea. Our 
patients' response to topical cortico- 
steroid therapy implies a more mild 
inflammation than that seen in 
peripheral ulcerative keratitis, where 
systemic immunosuppression is often 
required to control corneal destruc- 
tion. To our knowledge, ours are the 
first reported cases of stromal kerati- 
tis associated with DLE to respond to 
corticosteroid therapy. 

We encourage those who care for 
patients with DLE to be aware of the 
potentially treatable corneal compli- 
cations of this disorder. 
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Clinicopathologic Reports 


Iris Melanoma With Increased Intraocular Pressure 


Differentiation of Focal Solitary Tumors 
From Diffuse or Multiple Tumors 


Devron H. Char, MD; J. Brooks Crawford, MD; John Gonzales, MD; Theodore Miller, MD 


@ A 70-year-old man presented with an 
apparent focal iris ciliary body mass and 
increased intraocular pressure. Fine nee- 
die aspiration biopsy 180° from the main 
lesion demonstrated uveal melanoma 
cells in the angle. The eye was enucle- 
ated, and multiple separate iris and ciliary 
body melanomas were noted. This case 
demonstrates the usefulness of fine nee- 
die aspiration biopsy for both diagnosis 
and optimum therapy in selected cases. 

(Arch Ophthalmol 1989; 107:548-551) 


T'he diagnosis and management of 

pigmented iris-ciliary body tu- 
mors are difficult. While the routine 
use of indirect ophthalmoscopy, fluo- 
rescein angiography, and ultrasono- 
graphy has markedly decreased the 
incidence of false diagnosis of choroi- 
dal lesions, their diagnostic accuracy 
in the evaluation of ciliary body or iris 
lesions is limited.! 

In addition to establishing the cor- 
rect diagnosis of iris-ciliary body pig- 
mented masses, it is often difficult to 
determine the correct choice of man- 
agement. Increased intraocular pres- 
sure in association with an iris or 
ciliary body tumor can be due to pig- 
ment-ingested macrophages' decreas- 
ing aqueous outflow, invasion of 
benign or malignant tumor cells into 
the meshwork, neovascular glaucoma, 
or angle closure. Clinically, it may 
be extremely difficult to determine 
the mechanism of glaucoma in such a 
case, yet this decision is vital for 
optimal care. If a patient with a cili- 
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ary body-iris melanoma and in- 
creased pressure has a localized tumor 
with macrophages clogging the tra- 
becular meshwork, an iridocyclectomy 
can often result in tumor eradication, 
pressure control, and good vision. If a 
subtle ring melanoma is present with 
tumor involving most or all of the 
ocular circumference, surgical resec- 
tion or irradiation of the tumor with 
retention of the eye is not possible. 

We describe a case to demonstrate 
the importance of fine needle aspira- 
tion biopsy in the management of 
these lesions. 


REPORT OF A CASE 


A 70-year-old man was referred with a 
presumed left ciliary body melanoma. The 
patient had been seen approximately two 
months prior to referral because of de- 
creased vision. Unilateral elevated intraoc- 
ular pressure was noted, and the patient 
was started on a regimen of levobunolol 
hydrochloride without effect. Dipivefrin 
hydrochloride was added, and the pressure 
remained in the low 30s (millimeters of 
mercury). The patient was referred for 
further evaluation. His medical history 
and review of systems were noncontribu- 
tory. 

On examination, the visual acuity was 
20/20 OD and 20/30 OS. There were no 
sentinel vessels. Examination of the right 
anterior segment and fundus yielded nor- 
mal results. Examination of the left ante- 
rior segment showed a sector lens opacity 
between 1:30 and 3 o’clock; in this area, the 
iris appeared to have surface erosion with- 
out an obvious mass. A three-mirror con- 
tact lens examination demonstrated a pig- 
mented ciliary body mass in the area of iris 
erosion from 1 to 3 o’clock. This mass was 
approximately 4 mm thick. The rest of the 
ciliary body was unremarkable. Examina- 
tion of the angle revealed an area of flat, 
peripheral anterior iris pigmentation not 
involving the trabecular meshwork at 
approximately 6 o’clock. The pupillary 
margin was unremarkable, and there was 
no cell or flare. Between 7 and 8 o’clock in 
the angle, an amorphous pigmented area of 


cells involved the trabecular meshwork M 


(Fig 1). 

The differential diagnosis included iso- 
lated ciliary body melanoma with second- 
ary pressure elevation due to pigment- 
laden macrophages, multiple melanomas, 
or a ring melanoma that had infiltrated 
much of the ocular cireumference. 

After discussion with the patient and 
the referring physician, we decided to per- 
form a fine needle aspiration biopsy of the 
area between 7 and 8 o'clock. If the speci- 
men showed no melanoma, then an iridocy- 
clectomy would be performed. If melanoma 
cells were noted in this area, an enucle- 
ation would be performed. A metastatic 
evaluation was negative. 

A transcorneal 25-gauge fine needle 
biopsy was performed, with the needle 
entering the eye at approximately 10 
o'clock. Examination of the needle biopsy 
specimen in the operating room demon- 
strated malignant melanoma cells (Fig 2). 
A standard enucleation was performed, 
and a 20-mm sphere was placed in the 
orbit. 


MICROSCOPIC FINDINGS 


Evaluation of histologic sections 
showed several separate and distinct 
pigmented iris and ciliary body 
tumors. The largest of these was 
located in the superior temporal quad- 
rant between approximately the 1- 
o'clock meridian and the 2:30 meridi- 
an. This tumor was composed of spin- 
dle-shaped cells with prominent 
nucleoli and numerous epithelioid 
tumor cells (Fig 3). This tumor 
involved the entire pars plicata of the 
ciliary body and extended into the 
root of the iris and the anterior cham- 
ber angle. Tumor cells also extended 
into the adjacent trabecular mesh- 
work. Tumor cells on the surface of 
the root of the iris lacked cohesiveness 
and appeared to have been shed into 
the anterior chamber (Fig 3, bottom). 
A second distinct tumor was locat 
in the anterior part of the ciliary body 
and adjacent anterior chamber angle 
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and trabecular meshwork inferiorly 
in approximately the 7-o'clock meridi- 
an, at the location of the fine needle 
aspiration biopsy (Fig 4). This tumor 
was composed of predominantly spin- 
dle-shaped cells with prominent 
nucleoli and a few epithelioid tumor 
cells. Fresh extravasated red blood 
cells were located in the tumor and in 
the adjacent anterior chamber angle. 
This lesion was localized and did not 
extend around the ciliary body or 
around the trabecular meshwork to 
connect with the larger tumor. A 
third distinct focal tumor was located 
in the iris and root of the ciliary body 
inferiorly at approximately the 6- 


o'clock meridian. In the iris, this 
tumor was composed of benign- 
appearing nevus cells, epithelioid 
tumor cells with prominent nuclei and 
nucleoli, and pleomorphic spindle- 
shaped cells with prominent nucleoli 
(Fig 5). Some of these cells were lo- 
cated deeper in the iris stroma, while 
others were located on the surface of 
the iris, where they lacked cohesion. 
Cells from this mass continued 
around the anterior chamber angle 
onto the anterior surface of the tra- 
becular meshwork but did not invade 
the deeper trabecular meshwork or 
Schlemm's canal. Several other focal 
and distinct masses were scattered 





Fig 1.—Goniophotograph showing area of involvement 180° away from main tumor mass. 


throughout the iris. Some of these 
were composed of spindle-shaped cells 
with hyperchromatic nuclei as well as 
epithelioid tumor cells (Fig 6); others 
appeared to be composed entirely of 
spindle-shaped cells with melanin pig- 
ment. 


COMMENT 


In patients with an apparently focal 
iris-ciliary body melanoma and in- 
creased pressure, the differential 
diagnosis includes a ring or multicent- 
ric melanoma in the angle or an iso- 
lated ciliary body melanoma with pig- 
ment-laden macrophages in the angle 
producing glaucoma.^" In our case, a 
fine needle aspiration biopsy per- 
formed 180? from the main mass 
showed that the melanoma was not 
confined to an area that could be 
locally resected, and a primary enu- 
cleation was indicated. If the results 
of the fine needle biopsy had been 
negative, an iridocyclectomy might 
have been a reasonable therapeutic 
option. 

The recognition of iris-ciliary body 
ring melanomas is not new; although 
inconsistently defined, this entity was 
described in 1882.!! Most investigators 
consider iris-ciliary body ring mela- 
nomas to be tumors that involve over 
two thirds of the circumference of the 
filtration angle and that are almost 
always associated with a secondary 
glaucoma. Unfortunately, many of 
these lesions are not correctly diag- 
nosed, and a filtering operation is 
performed with resultant extraocular 
tumor seeding.* 

The pathogenesis of ring melano- 
mas is not well delineated.’ On clinical 
examination, this eye showed two dis- 
tinct melanomas of the peripheral iris 
and ciliary body, one of which was 


Fig 2.—Fine needle aspiration biopsy specimen demonstrating mixed cell type iris melanoma (May-Giemsa, original 


magnification X752). Left, Spindle cell component (center) shows cells with oval nuclei, central nucleoli, and spindle-shaped 


cytoplasm with finely granular melanin. Right, Epithelioid component (center) composed of larger, more polygonal cells with 
larger nucleoli and similar cytoplasmic melanin. 
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Fig 3.— Top, Ciliary body melanoma in superior-temporal quadrant of 
right eye (hematoxylin-eosin, original magnification X10). Center, 
Epithelioid melanoma cells in superotemporal ciliary body melanoma 
(hematoxylin-eosin, original magnification X100). Bottom, Melanoma 
cells on surface of iris component of superotemporal melanoma 
showing lack of cohesion and shedding into anterior chamber (hema- 


toxylin-eosin, original magnification X 100). 


subjected to biopsy by fine needle 
aspiration. Microscopic evaluation of 
the specimen showed more than eight 
focal melanomas within the ciliary 
body and iris. These individual tumors 
were not directly connected to each 
other; Schlemm's canal, ciliary body, 
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Fig 4.—Localized ciliary body tumor at 7-o'clock meridian. Notice 
disruption of root of iris and fresh blood from fine needle aspiration 
biopsy (hematoxylin-eosin, original magnification X 17). 


Fig 5.— Top, Localized melanoma in root of iris and anterior chamber 
angle in 6-o'clock meridian (hematoxylin-eosin, original magnification 
X 17). Bottom, Melanoma at 6-o'clock meridian. Notice melanoma cells 
growing on surface of trabecular meshwork but not extending into 
Schlemm's canal (Schlemm's canal on top; anterior chamber on 
bottom) (hematoxylin-eosin, original magnification X 100). 


and trabecular meshwork were not 
involved in areas between the individ- 
ual tumors. Therefore, this mass was 
not a ring melanoma. The relationship 
between the various tumors is uncer- 
tain? Most of the lesions probably 
developed from tumor cells that 


sloughed off the surface of the largest 
tumor superiorly (intraocular metas- 
tases). A less likely possibility is that 
some of the lesions arose almost 
simultaneously from different preex- 
isting nevi that had undergone malig- 
nant change. 
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Fig 6.— Left, Separate localized iris melanoma at 1 1:30-o'clock meridian. Notice lack of involvement of trabecular meshwork 
and Schlemm's canal in this area (hematoxylin-eosin, original magnification X17). Right, High-power view showing 
spindle-shaped and epithelioid melanoma cells (hematoxylin-eosin, original magnification X 100). 


In this case, the glaucoma was not 
due to direct tumor extension 
throughout the entire trabecular 
meshwork and Schlemm’s canal. It 
was probably due to melanoma cells 
shed from the tumor that were grow- 
ing on the surface of the trabecular 
meshwork and into the superficial 
aspects of the trabecular meshwork 
inferiorly, as well as to obstruction of 
trabecular meshwork at the site of the 
two large tumors (superotemporally 
and inferonasally). 

In undetermined anterior uveal 
tumors, fine needle biopsy has been a 
useful technique both to delineate the 
nature of the lesion and, in cases like 
this, to determine optimum therapy. 
We have observed a few atypical 
growing ciliary body tumors that clin- 
ically were indistinguishable from 


» melanoma, yet on fine needle biopsy 


could be correctly diagnosed as simu- 
lating lesions. 

We have performed fine needle 
aspiration biopsies on approximately 
60 patients who had been referred for 
treatment of atypical uveal tumors." 
We observed no false-positive find- 
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ings for uveal melanoma in any of the 
biopsy specimens. In over 80% of 
cases, the cytopathologic differentia- 
tion of epithelioid and spindle mela- 
nomas could be accomplished, and 
ancillary studies, including cell- 
cycling analysis and cytomorphomet- 
ric determinations, can be made." In 
three cases of uveal melanomas, false- 
negative results were observed; in two 
of these cases, diagnosis based on 
standard histologic material was also 
equivocal.? All three lesions were less 
than 3 mm thick, and a negative biop- 
sy in thin lesions is not as meaningful 
as a positive one. 

In our experience, the accuracy of 
fine needle aspiration biopsy diagno- 
sis is over 90%.' We have correctly 
diagnosed uveal metastases, solitary 
and multiple intraocular lymphomas, 
neural tumors, melanocytomas, and 
melanomas. In a few atypically grow- 
ing ciliary body tumors, the cytopa- 
thology has been diagnostic either for 
a melanoma or a simulating lesion. In 
a ciliary body adenoma with docu- 
mented growth, the intracytoplasmic 
pigment pattern and nuclear appear- 


References 


70:898-904. 

6. Litricin O: Diffuse malignant ring melano- 
ma of the iris and ciliary body. Ophthalmologica 
1979;178:2385-2388. 

7. Shields MB, Proia AD: Neovascular glauco- 
ma associated with an iris melanoma. Arch Oph- 
thalmol 1987;105:672-674. 

8. Omulecki W, Pruszezynski M, Borowski J: 
Ring melanoma of the iris and ciliary body. Br J 
Ophthalmol 1985;69:514-518. 

9. Zimmerman LE: Clinical pathology of iris 


ance were diagnostic on fine needle 
biopsy; the diagnosis was confirmed 
when the cyclectomy specimen was 
studied histologically. There are two 
important caveats about fine needle 
aspiration biopsy that must be consid- 
ered. First, the results are highly 
dependent on the experience of the 
cytopathologist. Second, while we 
have observed only limited morbidity, 
one case of significant pain that 
occurred immediately after biopsy 
and a few transient vitreous hemor- 
rhages, morbidity associated with the 
technique should limit its use to those 
cases in which intervention is indi- 
cated but noninvasive tests are not 
diagnostic. We are unaware of any 
evidence of tumor spread from any 
body site after fine needle aspiration 
biopsies performed with a 24-gauge or 
smaller needle. 
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An Orbital Hemangiopericytoma 
Recurrent After 33 Years 


Charles D. Rice, MD; Robert C. Kersten, MD; Robert E. Mrak, MD, PhD 


€ A middle-aged woman developed a 
recurrent orbital hemangiopericytoma 33 
years following its initial removal. Preop- 
erative computed tomographic and mag- 
netic resonance imaging scans revealed a 
well-circumscribed superotemporal orbit- 
al mass. A tumor that appeared grossly 
encapsulated was removed intact via a 
lateral orbitotomy. Histopathological ex- 
amination showed a hemangiopericytoma 
with hypercellularity and a moderate num- 
ber of mitotic figures. A review of the 
initial pathologic report confirmed the 
diagnosis of hemangiopericytoma with 
histological features similar to those of 
the recurrent mass. To our knowledge, 
this case represents the longest reported 
interval to recurrence of any hemangio- 
pericytoma and demonstrates the extend- 
ed follow-up needed in patients with hem- 
angiopericytoma. 

(Arch Ophthalmol 1989;107:552-556) 


Hemangiopericytomas are vascular 

tumors that arise from the peri- 
cyte, a spindle-shaped mesenchymal 
cell that spirals around capillaries 
and  postcapillary venules.'* The 
majority of tumors originate in the 
deep soft tissues of the musculoskele- 
tal system, such as the lower extremi- 
ties and pelvic retroperitoneum.** 
Tumors originating in the orbit are 
rare. The first orbital cases in the 
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ophthalmic literature were reported 
independently by Goodman? and by 
Fox‘ in 1955. Subsequent case reports 
and series have revealed the malig- 
nant potential of orbital lesions due to 
recurrence, local invasion, or metasta- 
gig: >” 

The major factors that determine 
tumor behavior are completeness of 
excision and duration of disease. 
Tumors incompletely excised are 
more likely to recur, and patients with 
a long duration of disease have a 
greater risk for metastases.’ 

Recurrences have developed in 
approximately one third of orbital 
cases.” Treatment options for recur- 
rent lesions include surgery or radia- 
tion therapy, depending on the degree 
of encapsulation. In our patient, the 
recurrence 33 years after initial 
tumor removal represents, to our 
knowledge, the longest reported inter- 
val to recurrence for any hemangio- 
pericytoma, and emphasizes the need 
for long-term follow-up in patients 
with hemangiopericytoma. 


REPORT OF A CASE 


A 56-year-old woman presented with a 
six-month history of right-sided proptosis 
(Fig 1). Examination of a driver’s license 
photograph taken one year earlier revealed 
no orbital asymmetry. She denied any 
decrease in vision, diplopia, or pain. Her 
medical history included no systemic dis- 
eases, medications, or complaints but did 
include an orbital tumor resection on the 
right side via a lateral orbitotomy in 1953. 
The tissue and slides from the original 
surgery were not available, but the gross 
and microscopic reports were obtained. 

The pathologic report of the original 
tumor described the tumor as composed of 
"two small structures measuring 4 cm in 
aggregate." The microscopic report de- 
scribed a nonencapsulated tumor that 
"...merges with the surrounding thin, 
fibrous shell. The tumor cells are small 


with indistinct outlines and apparently 
spindle-shaped to somewhat  stellate 
shaped and closely packed. The nuclei are 
relatively large, oval, [and] hyperchromat- 
ic with indistinct chromatin. Mitoses are 
rare. The tumor tissue is interlaced by 
capillary spaces which are lined by flat 
endothelium which can be distinguished 
from the tumor tissue. ... Reticulin stains 
bring out [the vessels] clearly and [show] a 
fine meshwork immediately beneath the 
endothelium separating [the endothelial 
cells| from the tumor cells. A fair amount 
of reticulin is formed by the tumor tissue.” 
The concluding diagnosis was hemangio- 
pericytoma. 

Eye examination on presentation re- 
vealed a visual acuity of 20/20 OU. There 
was 7 mm of right-sided proptosis. Pupil- 
lary reactions, extraocular motility, slit- 
lamp examination findings, and fundu- 
scopic examination findings were normal. 
Results of color vision testing using Ishi- 
hara color plates and visual field testing 
were also normal. 

A computed tomographic scan demon- 
strated a well-cireumscribed mass in the 
superotemporal quadrant occupying both 
the extraconal and intraconal space, with 
no evidence of bony erosion, calcification, 
or optic nerve involvement (Fig 2). A mag-- 
netic resonance imaging scan with a T,- 
weighted image (Fig 3) revealed a lesion of 
intermediate intensity. The T,-weighted 
image demonstrated a slight hyperintensi- 
ty of the lesion. 

An encapsulated mass was removed via 
a right lateral orbitotomy. The tumor was 
found to be variably adherent to adjacent 
orbital tissue, but was thought to have 
been completely removed. 

The last ocular examination was 22 
months following surgery and revealed a 
visual acuity of 20/20 OD, normal extra- 
ocular motility, and no evidence of propto- 
sis. 


RESULTS 


On examination, the tumor meas 
sured 20 X 20 X 30 mm (Fig 4), and its 
inner contents were pink and friable. 
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Fig 1.—Preoperative clinical photograph of patient with proptosis of right eye. 
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Fig 2.—Computed tomographic scan of superotemporal orbital mass. 





Histological preparations showed a 
cellular tumor with numerous vascu- 
lar spaces lined by attenuated cells 
with small, flattened nuclei (Fig 5). 
The tumor cells were haphazardly 
farranged and had scant cytoplasm 
with uniformly staining round or 
elongated nuclei. There were 23 mitot- 
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Fig 3.—Magnetic resonance imaging scan with T,-weighted image demonstrating circumscribed 
orbital mass with intermediate signal intensity. 


ic figures found in 40 high-power 
fields. The areas of mitotic activity 
were evenly distributed and not con- 
fined to areas of increased cellularity. 
There were no areas of storiform or 
myxoid patterns, and neither necrosis 
nor hemorrhage was seen. A fibrous 
capsule, variable in thickness, was 


Fig 4.—Gross examination of tumor shows 
encapsulated appearance. 


present in some sections but absent in 
others. A reticulin stain showed stain- 
ing between those cells lining the vas- 
cular spaces and the remainder of the 
tumor cells (Fig 6). In some cases, this 
staining extended into the adjacent 
tumor to surround individual tumor 
cells. Semithin sections prepared 
from epoxy resin (Epon)-embedded 
material confirmed the histopatho- 
logic findings and, in addition, showed 
uniformity of nuclear size and shape, 
and even staining of the nucleoplasm 
(Fig 7). 

Electron microscopy showed de- 
marcation of the attenuated endothe- 
lial cells from the adjacent tumor by 
dense basement membrane-like mate- 
rial (Fig 8), which, on occasion, also 
surrounded adjacent pericytes (Fig 9). 
Large, rounded deposits were occa- 
sionally seen between the tumor cells 
(Fig 10). The tumor cells had large, 
mildly irregular nuclei with finely 
dispersed chromatin and prominent, 
central nucleoli (Fig 8). The tumor cell 
cytoplasm contained mitochondria, 
short segments of rough endoplasmic 
reticulum, and occasional Golgi 
bodies. Filaments were not promi- 
nent, and no dense bodies were found. 
Occasional simple intercellular junc- 
tions were found. 


COMMENT 


Hemangiopericytomas are vascular 
tumors with various degrees of malig- 
nant potential. Tumors originating in 
the orbit account for approximately 
3% of primary orbital neoplasms and 
most frequently present as slowly 
expanding, painless masses. This 
clinieal presentation and the typical 
radiographic finding of a well-cireum- 
scribed tumor render these tumors 
indistinguishable from common be- 
nign encapsulated orbital tumors, 
such as cavernous hemangiomas and 
schwannomas.? In contrast to these 
benign tumors, hemangiopericytomas 
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Fig 5.—Hematoxylin-eosin-stained, paraffin section of tumor. Thin, 
vascular channels are lined by flattened endothelial cells (arrowheads), 
separated by haphazardly arranged tumor cells (original magnification 


X400). 


Fig 7.—Semithin section of epoxy resin (Epon)-embedded tissue 
stained with toluidine blue and basic fuchsin for light microscopy. 
Large, pale tumor cell nuclei are clearly distinguished from smaller, 
darker, and flatter endothelial nuclei (arrowheads) (original magnifica- 


tion X 1000). 


possess the potential for recurrence, 
local invasion, or metastasis. 
Prediction of the ultimate behavior 
of an orbital hemangiopericytoma is 
difficult, because the clinical course 
often does not coincide with histo- 
pathologic indicators of malignan- 
cy." Histopathologic features of 
malignancy that are found in some 
hemangiopericytomas include  in- 
creased cellularity, prominent mitotic 
activity, necrosis, and hemorrhage.‘ 
Unfortunately, these criteria are of 
little help in determining the clinical 
behavior of these lesions. Systemic 
metastases have occurred from tu- 
mors exhibiting “benign” histopatho- 
logic signs, while many histologically 
“malignant” tumors have exhibited a 
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benign clinical course. 5 The patient 
described herein exhibited no hemor- 
rhage or necrosis. However, there 
were areas of increased cellularity 
and a mitotic rate of 23 figures per 40 
high-power fields. This degree of 
mitotic activity is greater than the 
rate of four figures per ten high- 
power fields used by Enzinger and 
Smith^ as a criterion for malignancy. 
In a study of hemangiopericytomas of 
the orbit, Croxatto and Font? found an 
average of 14 mitotic figures per 40 
high-power fields for "borderline" 
malignant tumors, and an average of 
35 mitotic figures per 40 high-power 
fields for tumors considered malig- 
nant. Thus, our patient falls between 
Croxatto and Font's borderline and 


Fig 6.—Paraffin section of tumor stained with silver for reticulin fibers. 
Clear demarcation of vascular elements (arrowheads) from intervening 
tumor cells is seen (original magnification X400). 
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malignant categories in mitotic activ- b: 


ity. 

Completeness of initial excision 
appears to have the greatest impact 
on subsequent tumor behavior. In- 
completely excised tumors are more 
likely to recur, and the additional 
duration of disease increases the risk 
for metastases. Recurrences have 
developed in 14 (31%) of the 45 
patients described in the three series 
from the United States.” In Croxatto 
and Font's* series, six of nine tumors 
recurred that were incompletely 
excised whereas only one of 14 tumors 
recurred that were completely ex- 
cised. Henderson and Farrow’ re-¥ 
ported similar findings with recur- 
rences in three of five incompletely 
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excised tumors and no recurrences in 
the five completely excised tumors. 

Metastases are more likely to devel- 
op in tumors of long duration,' having 
occurred in six (13% ) of 45 patients in 
the three orbital series from the Unit- 
ed States."? Of these six patients with 
metastatic disease, the two patients 
described by Henderson and Farrow' 
each had a 35-year duration of disease 
and the four patients described by 
Croxatto and Font? had a duration of 
disease that averaged 19 years. Recur- 
rence as a risk factor for metastasis 
was suggested in this latter group of 
patients, since three of the seven 
recurrent tumors ultimately metasta- 
sized, while only one of the 18 nonre- 
current tumors resulted in metasta- 
sis. A similar finding correlating 
recurrence as a risk factor for metas- 
tasis was suggested in Enzinger and 
Smith's series of nonorbital cases 
where recurrence preceded metasta- 
ses in more than two thirds of the 
patients with metastatic disease. The 
most common sites of metastases 
have been lung and bone, regardless of 
the site of origin. 

The interval to recurrence varies 
significantly in both orbital and non- 
orbital cases. In Croxatto and Font's! 
series, the interval to recurrence 
ranged from one month to seven 
years, and averaged three years. Late 
recurrences in orbital tumors have 








Fig 8.—Electron micrograph of tumor showing redundant basement membrane material 
(arrowheads) separating vascular endothelium from tumor cells. There is little or no basement 
membrane formation between tumor cells (original magnification X3900). 


Fig 9.—Electron micrograph of tumor showing vascular space (V) lined 
by endothelial cytoplasm (E). Beneath these cells there is basement Fig 10.—Electron micrograph of tumor showing large, rounded depos- 
membrane (asterisk), which also surrounds adjacent pericyte (P) its (D) in interstitium between tumor cells (original magnification 


(original magnification X6700). 
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been reported by Jakobiec et al’ at 
18 years, and by Panda et al” at 22 
years. Our case, with a recurrence 
interval of 33 years after initial re- 
section, represents, to the best of 
our knowledge, the longest reported 
interval to recurrence of any heman- 
giopericytoma. Previously, the longest 
interval to recurrence, to our knowl- 
edge, was in a spinal cord lesion, 
which recurred 26 years after initial 
resection.? 

Our patient reported no signs of 
orbital recurrence until approximate- 
ly nine months prior to her second 
operation. Photographs of the patient 
one year prior to repeated orbitotomy 
failed to show any abnormality, yet at 
the time of presentation she had 7 mm 
of proptosis and obvious orbital asym- 
metry. This suggested rapid growth of 
the tumor after 33 years of dormancy. 
Jakobiec and associates? have postu- 
lated that in some cases, the usual 
slow centrifugal growth of the heman- 
giopericytoma may be accelerated by 
the emergence of a more aggressive 
clone of tumor cells. In our case, the 
pathologic report for the original 
tumor described histological features 
similar to those found in the recurrent 
tumor, which showed a mitotic rate of 
23 figures per 40 high-power fields, 
while in the original tumor they were 
described as “rare.” Unfortunately, 
the mitotic rate in the original mate- 
rial cannot be more precisely quanti- 
tated, as the slides and tissues were 
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not available. Another explanation for 
this late recurrence is the rapid 
growth of residual tumor cells because 
of an alteration of immune surveil- 
lance. There was no medical or phar- 
macologic condition in our patient that 
might have affected immune surveil- 
lance, except for advancing age. Hen- 
derson and Farrow’ have observed 
progression to a more aggressive form 
of this disease that occurs with 
advancing age and have postulated a 
connection to an age-related change in 
host resistance. 

The management of recurrences 
involves surgery or radiotherapy. If 
the recurrence remains  circum- 
scribed, then surgical resection alone 
may be advisable. However, most 
recurrences are infiltrative and 
require adjuvant therapy. Setzkorn 
and associates?" recently described a 
patient with a recurrent orbital hem- 
angiopericytoma treated with 6480 Gy 
of radiation, who remained without 
recurrence or radiation side effects 
over the ensuing seven years. In a 
series of nonorbital cases treated with 
radiotherapy, Mira and coworkers” 
found that radiation dose and tumor 
size were the main factors determin- 
ing radiotherapy response. In their 
study, tumors less than 5 cm in diam- 
eter and those receiving more than 
3500 Gy of radiotherapy responded in 
a high percentage of patients. Because 
tumor regression is typically slow and 
incomplete, adequate time must be 
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allowed before determining tumor 
response. 

Histologically, the differential 
diagnosis of hemangiopericytoma 
includes fibrous histiocytoma,’ he- 
mangioendothelioma,* mesenchymal 
chondrosarcoma,’ and synovial sarco- 
ma.’ Focal regions within hemangio- 
pericytomas that simulate the 
storiform appearance of fibrous his- 
tiocytoma have been reported in 30% 
of tumors in one orbital series. Hem- 
angiopericytomas may exhibit cellu- 
lar features of fibroblasts, smooth- 
muscle cells, or endothelial cells. This 
is probably due to the close histoge- 
netic relationship between these cells 
and the pericyte. 

The primary treatment of patients 
with hemangiopericytomas on initial 
presentation remains complete surgi- 
cal excision. The definitive treatment 
of recurrent lesions is not known, but 
present modalities include surgery or 
radiation therapy. The late recurrence 
in our patient emphasizes the ex- 
tended follow-up needed in these 
patients, regardless of the complete- 
ness of initial resection. 
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many patients, OPTICROM also prevents the 
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continue wearing contact lenses.' 
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Fibronectin and Corneal Epithelial Wound Healing 
in the Vitamin A-Deficient Rat 


George T. Frangieh, MD; Ken Hayashi, MD; Chaiwat Teekhasaenee, MD; George Wolf, PhD; 
Robert B. Colvin, MD; Ilene K. Gipson, PhD; Kenneth R. Kenyon, MD 


e The time course of the appearance 
of fibronectin (Fn) on wounded corneal 
surfaces was studied in vitamin A-defi- 
cient (A—) and pair-fed control rats. At 
various times following a central epithelial 
abrasion, the tissue was harvested, and 
Fn was localized on frozen corneal sec- 
tions by an indirect immunofluorescence 
technique. There was no detectable Fn in 
intact, nonwounded control or intact A— 
corneas, except for Descemet's mem- 
^ brane. Within a half hour after abrasion, a 
band of Fn appeared on the denuded 
corneal surface of pair-fed control rats 
and became a continuous, prominent lay- 
er at four hours. This layer remained until 
16 hours but disappeared at 24 hours 
when the epithelium had resurfaced over 
the defect. In severely A- rats, reepithe- 
lialization following central epithelial 
abrasion was delayed, and no Fn band 
was discernible at any time from one to 
32 hours after injury. Light microscopy 
revealed a progressive increase in poly- 
morphonuclear neutrophil infiltration with 
time in the underlying stroma in severely 

A- rats. This study indicated that in 
V severe vitamin A deficiency, delayed epi- 
thelial migration is associated with an 
inflammatory cell layer and occurred in 
the absence of Fn. 

(Arch Ophthalmol 1989;107:567-57 1) 
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Tioronectin (Fn), a high-molecular- 

weight glycoprotein found in plas- 
ma, on cell surfaces, and in extracellu- 
lar matrices, is believed to be an 
important factor in adhesion, chemo- 
taxis, and tissue repair." Recently, 
Fujikawa et al* and Nishida et al?" 
demonstrated that Fn might play an 
important role in the healing of corne- 
al epithelial wounds. 

It has been established that retinol 
and other retinoids counteract Fn 
released from fibroblasts that are 
stimulated by tumor promoters of the 
phorbol ester family." Extracellular 
Fn is decreased severely or is even 
absent following transformation in 
many cell types. The loss of Fn 
synthesis can be reversed in some 
transformed cells (eg, mouse skin pap- 
illoma) by retinoic acid. In addition, 
an increase in the serum Fn level in 
vitamin A-deficient (A—) rats has 
been shown." However, the Fn pro- 
duced in this situation was undergly- 
cosylated and had a higher turnover 
rate than its natural form." 

Because corneal epithelial repair is 
very sensitive to vitamin A deficiency, 
we investigated the Fn deposition on 
the epithelial wounds in the A— rat 
cornea. 


MATERIALS AND METHODS 
Rats 


Twenty-one male Sprague-Dawley rats 
were put on an A- diet for eight to ten 
weeks and then paired by weight with 21 
normal rats that were fed the same diet 
with a vitamin A supplement (700 ug of 
vitamin A [retinol] acetate per week). The 
animals were raised until the A-— rats 
experienced a 20% to 25% weight loss with 
severe ocular signs of vitamin A deficiency, 
as evidenced by a loss of corneal transpar- 
ency and keratinization of the ocular sur- 
face. Serum retinol levels of A-— rats 


ranged from 0 to 0.13 umol/L. The animals 
were anesthetized by intraperitoneal injec- 
tion of a mixture of ketamine hydrochlo- 
ride and xylazine hydrochloride in a 4:1 
ratio; 0.1 mL of the above mixture was 
injected in deficient rats, and 0.2 mL was 
given to the pair-fed animals. Following 
topical 1% proparacaine hydrochloride 
anesthesia, the central corneal epithelium 
was removed under an operating micro- 
scope by scalpel débridement of a 3-mm- 
diameter area that was outlined by a tre- 
phine. Controls consisted of two A— and 
two pair-fed rats that did not receive the 
abrasion. Four corneas at each time point 
were evaluated by immunofluorescence, 
and two corneas were evaluated by light 
microscopy. 


Corneal Specimens 


Corneas were removed from rats that 
were killed by intraperitoneal phenobarbi- 
tal sodium injection immediately after 
wounding and at 0.5, 1, 4, 8, 16, and 32 
hours after wounding. Corneas of un- 
wounded control rats were also removed. 
Extreme care was taken during enucle- 
ation to prevent the corneal surfaces from 
contacting blood. Corneas to be used in 
immunofluorescence studies were excised, 
frozen immediately, and embedded in OCT 
compound for cryostat sectioning. The 6- 
um sections were mounted on gelatin- 
coated microscope slides for indirect 
immunolocalization of Fn. 


Indirect Immunofluorescence 


Cryostat sections were washed with 
phosphate-buffered saline (PBS) for ten 
minutes three times and incubated with 
bovine serum albumin (BSA) (3 g of BSA 
per 300 mL of PBS) for ten minutes to 
prevent nonspecific binding. Then, they 


were incubated with the goat antibody 


against rat Fn (Behring Diagnosties, La 
Jolla, Calif) (1:40) for one hour. The slides 
were rewashed with PBS (three times for 
ten minutes) and BSA (one time for ten 
minutes) and incubated with fluorescein- 
conjugated rabbit antibody against goat 
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IgG (1:80) (Cappel Laboratories, Cochran- 
ville, Pa). To eliminate nonspecific binding 
of the secondary antibody, this antibody 
was absorbed by affinity chromatography 
with pooled rat serum. The stained slides 
were then washed thoroughly with PBS, 
mounted in elvanol-glycerin, and examined 
with the epi-illumination fluorescence 
microscope (Zeiss, Oberkochen, West 
Germany). Fluorescence microscopy of 
control corneas that were removed four 
hours after abrasion and incubated with 
the fluorescein-conjugated antibody alone 
revealed no staining of Descemet’s mem- 
brane or the abraded area with minimal 
background staining in the stroma. Preab- 
sorption controls were prepared by prein- 
cubating the goat anti-rat Fn antibodies 
with 100 mg/L of purified rat Fn overnight 
at —4°C. This completely abolished the 
immunofluorescence staining of the corne- 
al sections. 


A— Severe Control 


RESULTS 
Distribution of Fn 


Intact A— and Pair-Fed Control Cor- 
neas.—Fibronectin was distributed 
similarly in the unwounded control 
and A— corneas. Linear staining at 
the anterior and posterior portions of 
Descemet's membrane was detected 
consistently. There was no epithelial 
or endothelial staining. Fine, diffuse 
staining was present throughout the 
entire stroma. 

Abraded A— Corneas and Pair-Feds 
Controls.—F'ibronectin staining dif- 
fered greatly between the pair-fed 
control and A— corneas after wound- 
ing. In the pair-fed group, immediate- 
ly following the removal of epithelium 
(zero hour), the prominent double- 
layered staining of Descemet's mem- 
brane and the scattered, faint stain- 
ing in the stroma were observed, but 
there was no staining on the denuded 
stromal surfaces. At a half hour, a 
thin, continuous Fn band appeared 
across the abraded surface and 
became a prominent, thick band at 
four hours; this band was still present 
at 16 hours. At 24 hours, the Fn band 
had disappeared, and epithelial 
wound closure had occurred in all 
cases at 32 hours (Figs 1, right, and 2, 
right). In the severely A— corneas 
during these same time intervals, no 
Fn band appeared across the denuded 
surfaces or in the immediately adja- 
cent stroma (Fig 1, left). 


4h 


8h 


16 h 


32 h 


Wound-Healing Patterns and 
Polymorphonuclear Neutrophil (PMN) 
Distribution in Abraded A— Corneas 

and Pair-Fed Controls 





: a AR Severely A— rats demonstrated a 
Fig 1.—At right (G through L), Immunofluorescence staining for fibronectin (Fn) in pair-fed control : 


rats after central 3-mm epithelial abrasion. At half hour, Fn band appeared across denuded 16-hour lag before epithelial move- 
surface and remained until 16 hours but disappeared at 24 hours. Epithelium (Ep) healed ment commenced; however, the sux 
completely in all cases at 32 hours. At left (A through F), No Fn band appeared across denuded face had recovered completely at 48 
surfaces (arrowheads) of severely vitamin A-deficient (A—) corneas (original magnification hours. The epithelial defect in the 
X300). pair-fed control rats started shrink- 
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Fig 2.—In severely vitamin A-deficient (A—) rats (at left), stromal polymorphonuclear neutrophil 
(PMN) infiltration was progressive from limbus toward central abraded area from one-half hour to 
32 hours after wounding. At eight hours after wounding in severely A— rats, dense inflammatory 
cell layer was present and remained until 32 hours. No similar infiltration was present in stroma 
(S) of control rats (at right). Fn indicates fibronectin. 


ing at four hours, and the surface had 
recovered completely at 32 hours. 

In the severely A— rats, there were 
no PMNs in the stroma of the intact 
unwounded cornea (Fig 3, top left). 
One hour following central epithelial 
abrasion, there was mild PMN infil- 
tration at the limbus, with the de- 
--fvuded area free of inflammation. At 
four hours, there was mild to moderate 
PMN infiltration at the limbus and in 
the superficial stroma adjacent to the 
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edges of the wounds (Fig 3, top right). 
At eight hours, the centripetal PMN 
movement from the limbus to the 
central cornea had extended to result 
in severe PMN infiltration throughout 
the stroma, and PMN infiltration was 
ongoing at 16 and 24 hours. During the 
same time intervals, the pair-fed con- 
trols demonstrated only minimal PMN 
infiltration at the limbus and in the 
superficial stroma adjacent to the 
edges of the wounds (Fig 2). 


Starting at eight hours after 
wounding in severely A— rats, a dense 
inflammatory cell layer composed of 
neutrophils was present and remained 
until 32 hours after wounding (Figs 2 
and 3, bottom). Transmission electron 
microscopy performed on 16- and 24- 
hour specimens revealed fibrin as 
irregularly shaped, densely stained 
fibrillar aggregates with 300-nm 
banding periodicity at the edge of the 
abraded corneal surface beneath the 
basement membrane (Fig 4). 


COMMENT 


This study contributes further 
information on the molecular and cel- 
lular basis of the delayed corneal epi- 
thelial wound healing in vitamin A 
deficiency. Our findings show that Fn 
does not accumulate on the denuded 
surfaces of the severely A— corneas, 
whereas it is present as early as a half 
hour after scraping in pair-fed control 
rats. The absence of Fn on the wound 
surface in severe vitamin A deficiency 
is either due to the failure of Fn 
deposition or to the increased degra- 
dation of Fn. 

The Fn molecule is highly suscepti- 
ble to neutrophil proteases, such as 
elastase and cathepsin G- and D-like 
enzymes”; hence, the absence of Fn in 
A— corneas could result from enzy- 
matic digestion by the released pro- 
teases. In addition, the degradation of 
collagen??? and other extracellular 
matrix components by neutrophil pro- 
teases could also inhibit the attach- 
ment of Fn to the abraded surface. 
From eight to 36 hours after wound- 
ing, the PMNs increased progressively 
and were concentrated below the 
abraded area and, thus, may have 
been involved directly in degrading Fn 
that was possibly present at the sur- 
face. In addition, Fn produced in 
A— animals is underglycosylated and 
has a higher catabolic rate than the 
normal form'5; the carbohydrate moi- 
ety is not necessary for Fn to function 
but does protect the molecule partial- 
ly from enzymatic degradation.?^ 
The underglycosylated Fn may be 
more susceptible to enzymatic diges- 
tion. Therefore, both the proteolytic 
activity of PMNs following injury and 
the intrinsically abnormal Fn mole- 
cule may explain the major decrease 
of surface Fn in A— corneas. 

The possibility that Fn was alto- 
gether absent throughout corneal 
wound healing in vitamin A deficiency 
cannot be ruled out. Explaining the 
early decrease in Fn on a proteolytic 
basis is more difficult, since from one 
to eight hours after wounding, PMNs 
were only present in the peripheral 
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Fig 3.—Light microscopy shows keratinized epithelium (K) of non- 
wounded vitamin A— deficient cornea (top left). At four hours after 
wounding, moderate polymorphonuclear neutrophil (arrowheads) infil- 
tration is noted (top right). At 16 hours, inflammatory cell layer (aster- 
isks) is present in central abraded area (bottom). K indicates keratin 
layer; E, epithelium (hematoxylin-eosin, original magnification X320). 





resis and stained more intensely with 
fluorescent antibodies.” 

The consequences of the decreased 
Fn are not clear; although no causal. . 
relation has been proved in vivo 
between Fn and epithelial migration, 
in vitro Fn promotes corneal epitheli- 
um movement.” Fibronectin acts as 
an attachment factor for epithelial 
cells under specific conditions.” Adhe- 
sion, one known function of Fn, links 
cells to other cells or to substrata in 
cell culture." In addition, Fn promotes 
the migration of fibroblasts and endo- 
thelial cells in culture.5? In vivo, Fn 
is present in the cornea and has a 
possible role in the healing of certain 
corneal epithelial wounds.*' Fujika- 
wa and coworkers* demonstrated rap- 
id deposition of Fn shortly after“ 
scraping on the denuded corneal sur- 
face of rabbits in vivo. The Fn disap- 
peared as the reformed epithelium 
restored the integrity of the corneal 
surface. Nishida et al? treated two 
patients with persistent epithelial 
defects and trophic ulcers with puri- 
fied autologous Fn eye drops six times 
daily; the epithelial defects disap- 
peared completely within three weeks. 
Phan and associates* treated six 
patients with persistent corneal epi- 
thelial defects by applying purified 





Fig 4.— Transmission electron microscopy shows irregularly shaped, densely stained extracellu- 
lar fibrillar aggregates with banding periodicity of 300 nm consistent with fibrin (arrow) within 
anterior stroma. E indicates basal epithelial cell; asterisk, basement membrane complex (original 
magnification X36 000). 


stroma, although diffusion of proteo- 
lytic enzymes from the tears into the 
central wound area may have resulted 
in Fn degradation. If Fn were present 
and degraded by the PMNs, one might 
expect larger fragments that were 
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released by the various proteases to be 
detected by immunofluorescence, al- 
though this was not the case. Indeed, 
Fn fragments that have been released 
by human leukocyte elastase in vitro 
have been detected by gel electropho- 


autologous Fn eye drops; complete 
reepithelialization was achieved in 
five patients. However, two of thesw 
patients were healed one to two weeks 
after discontinuation of topical Fn, 
suggesting that other mechanisms are 
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important in corneal wound healing. 
Our study also demonstrated a 
delay in epithelial healing in severely 
A-— rat corneas. This may be related 
to the loss of Fn on the wound surface. 
Since both plasma- and cell surface- 
derived Fn molecules are immunologi- 
cally indistinguishable'^ by conven- 
tional antibody, the origin of Fn on 
the wound surface is undetermined. In 
superficial epithelial wounds, Fn 
might originate from the tear fluid or 
from the limbal vasculature.*?* In cor- 
neal stromal wounds, however, Fn is 
produced endogenously by the kerato- 
cytes." Our study suggests that the 
tear fluid is the most probable source 
of Fn in superficial wounds because of 
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the rapid appearance of Fn (as early 
as a half hour after injury) in a cen- 
tral 3-mm epithelial defect. Whether 
vitamin A promotes Fn synthesis in 
stromal or epithelial cells as the vita- 
min does in transformed fibroblasts is 
unknown; if this is the case, the lack of 
Fn on the wound surface could be 
related to the lack of vitamin A. These 
observations are consistent with other 
evidence that Fn may play a role in 
promoting wound closure by provid- 
ing a suitable substrate for epithelial 
cell migration. The absence of Fn in 
severe vitamin A deficiency may be 
related to the delay in epithelial 
wound healing; PMN infiltration may 
also be a major contributory factor in 
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Patterns of Aqueous Humor Outflow in 


Glaucomatous and Nonglaucomatous Human Eyes 


A Tracer Study Using Cationized Ferritin 


Annelies W. de Kater, PhD; Shlomo Melamed, MD; David L. Epstein, MD 


e We used cationized ferritin, which 
binds to negatively charged membrane 
surfaces, as a tracer to delineate the 
aqueous humor outflow pathway by per- 
fusing it into the anterior chamber of 14 
normal human eyes and five with primary 
open angle glaucoma. In the normal 
human eyes, diffuse labeling with cation- 
ized ferritin was evident throughout the 
outflow pathway, while in the glaucoma- 
tous eyes distinctly different staining pat- 
terns were noted. A decorating pattern 
similar to that seen in normal eyes was 
observed, as well as apparent areas of 
underperfusion, suggestive of possible 
segmental changes in aqueous outflow. 
These findings may support the hypothe- 
sis that primary open angle glaucoma is a 
segmental disease of the outflow system 
due to possible regional increases in 
resistance to aqueous outflow. 

(Arch Ophthalmol 1989;107:572-576) 


A variety of tracers have been used 

to delineate the pathway for 
aqueous humor flow from the anterior 
chamber into Schlemm’s canal. Latex 
spheres’? were observed to accumu- 
late in the juxtacanalicular tissue, 
and anionic ferritin™ and thorium 
dioxide (Thorotrast)*> readily pene- 
trated the extracellular spaces of the 
trabecular meshwork (TM) and the 
lumen of the giant vacuoles in the 
inner wall lining Schlemm’s canal. In 
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the latter experiments, Inomata et al? 
observed an irregular distribution of 
thorium dioxide with regional differ- 
ences in particle concentration in the 
outflow system and concluded that 
tracer particle washout occurred dur- 
ing the fixation process. To avoid 
these problems, the investigators 
mixed thorium dioxide with gelatin 
and subsequently observed an even 
distribution of tracer throughout the 
outflow pathway. It is, however, possi- 
ble that the use of a gelatin mixture 
might have altered normal outflow 
dynamics and interfered with the nor- 
mal mechanics of aqueous humor out- 
flow. 

Melamed et alt” perfused the anteri- 
or chamber of living monkey eyes 
with cationized ferritin (CF), a poly- 
cationie derivative of ferritin that 
binds to negatively charged surfaces 
such as those that exist on cell mem- 
branes. In these studies, CF was 
observed to have labeled cell mem- 
branes and other negatively charged 
surfaces, such as collagen and elastin 
in the aqueous humor outflow path- 
way, while no labeling was evident 
beneath the operculum, a peripheral 
continuation of Descemet’s membrane 
partially covering the inner trabecu- 
lae, which is consistent with other 
studies indicating underperfusion of 
the TM in this region.’ Additionally, 
in monkeys that had undergone argon 
laser trabeculoplasty, no labeling was 
detected in the TM or Schlemm's 
canal distal to the scarred laser 
lesion.' On the basis of these findings, 
it was hypothesized that the CF per- 
fusion technique might be useful to 


‘distinguish accurately regions of 
aqueous humor flow from regions of 
no flow. The aim of the present work 
was to study and compare the aqueous 
humor outflow pathway in normal 
and glaucomatous human eyes by per- 
fusing the anterior chamber with CF 
at physiologic pressure. By using this 
tracer, we tried to evaluate whether 
there might be regional differences in 
aqueous outflow in aged normal or 
glaucomatous human eyes in contrast 
to normal monkey eyes, and, if so, 
whether these differences could be 
correlated with segmental pathologic 
alterations of the TM. 


MATERIALS AND METHODS 


Fourteen nonglaucomatous human eyes 
obtained at autopsy (patients’ age range, 
22 to 87 years) and five glaucomatous 
human eyes obtained at autopsy from 
three patients with primary open angle 
glaucoma (POAG) (age range, 67 to 83 
years) were used in this study. All eyes 
were obtained and perfused with CF with- 
in 24 hours after death of the patient. One 
additional nonglaucomatous eye (patient 
age, 64 years) was perfused with anionic 
ferritin to contrast tracer distribution to 
that found in perfusions with CF. 


CF Perfusions 


Two milliliters (10.4 mg/mL) of CF (mo- 
lecular weight, 800000; molecular diame- 
ter, 11 nm; Sigma, St Louis) in isotonic 
solution (measured pH, 6.5) was sonicated 
and infused into the eye as follows. The CF 
was introduced from a reservoir connected 
to a 25-gauge needle into the posterior 
chamber (to prevent deepening of the ante- 
rior chamber), at a height equivalent to 1 
mm Hg, while another reservoir contain- 
ing Dulbecco’s phosphate-buffered saline 
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with added 5.5-mmol/L glucose was con- 
nected through a separate 25-gauge needle 
to the anterior chamber at the height of 7 
mm Hg. The average perfusion pressure 
was thus 9 mm Hg. After 60 minutes of 
ferritin flow through the anterior chamber 
and its partial accumulation in the Dulbec- 
co’s glucose reservoir, this egress route was 
clamped and a fixative solution (2% para- 
formaldehyde, 2.5% glutaraldehyde in 0.1- 
mol/L cacodylate buffer containing 0.2% 
ealeium chloride, pH, 7.3) was perfused 
into the posterior chamber at the same 
pressure for one hour. The eyes were then 
bisected and immersion fixed for an addi- 
tional 12 hours. Meridional sections of the 
iridocorneal angle were prepared and post- 
fixed in 1% osmium tetroxide with or 
without 1.5% potassium ferrocyanide, de- 
hydrated through a graded alcohol series, 
infiltrated, and embedded in epoxy resin 
(Epon/Araldite). Two segments were ran- 
domly chosen from each quadrant of each 
eye for microscopic observation. Thin sec- 
tions were made (50 to 60 nm), stained with 
uranyl acetate-lead citrate, and observed 
with a transmission electron microscope 
(JEOL JEM7, JEOL 100CX, or Philips 
CM10). 


Anionic Ferritin Perfusion 


One nonglaucomatous human eye was 
perfused with anionic ferritin (ferritin, 
type I, from horse spleen, 100 mg/mL; 
Sigma, St Louis) in the above-described 
manner for one hour. Further fixation, 
dehydration, and embedding procedures 
were identical to those described above. 


RESULTS 


In the normal human eyes, the trac- 
er was observed on all cell membranes 
and other presumably negatively 
charged surfaces, such as collagen and 
elastin throughout the TM, juxtaca- 
nalicular tissue, both the inner and 
outer walls of Schlemm’s canal, and 
the luminal surface of the endothelial 
cells lining the collector channels 
(Figs 1 through 3). No tracer was 
observed in the adjacent sclera. In the 
majority of the giant vacuoles along 
the inner wall of Schlemm’s canal, CF 
was observed on both the inner and 
outer membranes; however, in some 
vacuoles no tracer was detected along 
the membrane facing the lumen of the 
vacuole. No labeling was found within 
the lumen of any of the vacuoles (Fig 
2, inset) or in the lumen of Schlemm’s 
canal. In general, the density of CF 
labeling appeared greater on the outer 
membrane of the vacuole compared 
with the inner membrane. The pat- 
tern of staining was similar to that 
observed by Melamed et al* using CF 
perfusion in living monkeys and that 
demonstrated by Armaly and Wang," 
Grierson et al," and Richardson" 


“using ruthenium red or colloidal iron 


in fixed tissues. 
We perfused one human nonglauco- 
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Fig 1.—Nonglaucomatous human eye after cationized ferritin perfusion. Tracer is seen 
throughout juxtacanalicular tissue (JCT) and uniformly stains inner and outer walls of Schlemm's 
canal (SC), as well as inner and outer membranes of giant vacuoles (GV). There is no staining of 


sclera (S) beyond outer wall (X 12 000). 





Fig 2.—Nonglaucomatous human eye after cationized ferritin (CF) perfusion. Note continuous 
uniform labeling of both outer membrane (arrowheads) and inner membrane (arrows) of giant 
vacuole (GV), while lumen of GVs as well as the lumen of Schlemm's canal (SC) are devoid of CF 
(x19 000). Inset, Higher magnification of CF staining of inner and outer vacuolar membranes 
(X40 000). 


matous eye with anionic ferritin to 
compare distribution of this tracer 
with the staining pattern observed 
after perfusion with CF and to com- 
pare our results with those previously 
reported. ^ The anionic ferritin was 
found to fill all trabecular spaces, as 
well as the complete lumen of most of 
the giant vacuoles along the inner 
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wall of Schlemm's canal (Fig 4). The 
pattern of distribution of the anionic 
ferritin was similar to that previously 
described; The lumen of the giant 
vacuoles that were not completely 
filled with the tracer showed a discon- 
tinuous labeling of luminal and ablu- 
minal surfaces. 

In the eyes with POAG, distinctly 
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Fig 3.—Nonglaucomatous human eye after 
cationized ferritin (CF) perfusion. Labeling 
with CF is seen along luminal surface of 
endothelial cells lining collector channel (CC). 


No CF 
(X5000). 


is detected in adjacent sclera 


different observations from those in 
nonglaucomatous eyes were made. 
Several staining patterns were ob- 
served in adjacent quadrants or with- 
in the individual sections. Labeling 
similar to that demonstrated in nor- 
mal eyes was seen, and, additionally, 
two staining patterns suggestive of 
underperfusion, indicated by a lack of 
CF staining in TM, juxtacanalicular 
tissue, and Schlemm’s canal were 
detected. Variations in tracer distri- 
bution between adjacent quadrants 
were detected in three of the five 
glaucomatous eyes. In most of the 
randomly chosen meridional sections 
from these three eyes, tracer was 
bound to all cell membranes and other 
negatively charged surfaces in the 
aqueous outflow pathways (Fig 5), but 
in some adjacent quadrants two dif- 
ferent staining patterns could be 
observed. One staining pattern 
showed no CF in the meshwork under- 
lying the inner wall, while tracer 
particles were detected staining the 
luminal side of the inner wall of 
Schlemm’s canal (Fig 6). The second 
pattern demonstrated no CF at all in 
the TM or Schlemm’s canal (Fig 7). In 
two of the five glaucomatous eyes, yet 
another variation in staining pattern 
was detected, showing regional varia- 
tion of labeling within a given section. 
In sections from all quadrants, there 
were areas of normal tracer distribu- 
tion as well as focal areas devoid of 
labeling. Typically, the lack of tracer 
was detected in the posterior region of 
the TM. In an occasional section, the 
aqueous outflow pathway was uni- 
formly labeled. Qualitatively, we 
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Fig 4.—Nonglaucomatous human eye after anionic ferritin perfusion. Tracer is distributed 
diffusely in intertrabecular spaces throughout meshwork. In contrast to cationized ferritin, anionic 
ferritin fills lumen of giant vacuoles (asterisks). SC indicates Schlemm's canal (X 13 500), 





Fig 5.—Glaucomatous human eye after cationized ferritin (CF) perfusion. In this segment of 
outflow pathway, trabecular meshwork cells, as well as inner and outer walls of Schlemm's canal 
(SC) were diffusely labeled with CF. Except for clumped CF staining of inner wall, which was 
frequently observed in glaucomatous eyes, distribution of tracer in this segment is similar to that 
observed in nonglaucomatous eyes. S indicates sclera (X7800). 


could not relate the pattern of tracer 
distribution in the different trabecu- 
lar regions to pathologic changes of 
the TM, such as accumulation of 
plaque material or an accumulation of 
pigment in the trabecular cells, in any 


of the glaucomatous eyes. We did not, 
however, quantify our observations. 
Interestingly, the CF staining pat- 
tern of the giant vacuoles in the inner 
wall of Schlemm's canal in the glauco- 
matous eyes was strikingly different 
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Fig 6.—Glaucomatous human eye after cat- 
ionized ferritin (CF) perfusion. Despite labeling 
of luminal side of inner wall of Schlemm's 
canal (SC), no CF is observed in juxtacanali- 
_cular tissue (JCT) (X 16 000). 


from that seen in the nonglaucoma- 
tous eyes. Labeling was observed 
along the outer membrane of the 
giant vacuoles, but never along the 
inner membrane. This lack of staining 
of the inner vacuolar membrane was a 
eonsistent finding in all sections of 
the glaucomatous eyes that we exam- 
ined (Fig 8). 


COMMENT 


In this study, we compared the 
aqueous outflow pathway in normal 


"P human eyes and eyes with POAG by 


means of CF infused into the anterior 
chamber at physiologic pressure. As 
demonstrated previously in monkey 
eyes!” by two of us (S.M. and D.L.E.), 
CF can be used as a tracer for the 
aqueous outflow pathway due to the 
strong binding of the positively 
charged CF particle to cell mem- 
branes and other negatively charged 
surfaces. This minimizes the problem 
of washout of tracer material, and, 
therefore, underperfusion of the TM 
may be demonstrated by a lack of 
labeling with the tracer. 

In the normal human eyes, CF 
delineated the conventional outflow 
pathway in a pattern similar to that 
observed by Grierson et al? Armaly 
and Wang,” and Richardson with the 
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Fig 7.— Glaucomatous human eye after cat- 
ionized ferritin (CF) perfusion. No CF labeling 
is evident in this section in either trabecular 
meshwork (TM) or Schlemm's canal (SC) 
(X3500). 


use of ruthenium red or colloidal iron 
in fixed tissues, and by Melamed et al* 
with CF in living monkeys. In con- 
trast, in the glaucomatous eyes, seg- 
mental variations in staining of the 
outflow pathway were observed, sug- 
gestive of possible alterations in aque- 
ous flow. In some sections of the eyes 
with POAG, a staining pattern simi- 
lar to that found in the normal eyes 
was seen, while in adjacent sections of 
the same eyes, no CF was observed in 
the TM or juxtacanalicular tissue, but 
tracer was detected in Schlemm's 
canal. In yet further adjacent sec- 
tions, the TM, juxtacanalicular tissue, 
and Schlemm's canal were devoid of 
tracer. These differences in CF distri- 
bution may be a result of regional 
alterations of the aqueous outflow 
pathway and suggest a segmental 
pathologic process occurring in the 
TM. Interestingly, in our present 
study, no obvious morphologic 
changes in the aqueous outflow path- 
way could be associated with the 
regional changes of CF labeling in the 
glaucomatous eyes. In sections of the 
glaucomatous eyes where CF was 
found throughout the outflow tract, 
we could sometimes observe an accu- 
mulation of electron-dense material 
in the trabecular spaces. On the other 
hand, no obvious associations could be 
made between regions that were 
devoid of CF and an accumulation of 
electron-dense plaque material. Al- 
though plaque material may play an 
important role in the pathophysiology 
of POAG," qualitatively, our present 
study could not detect a correlation 





Fig 8.—Glaucomatous human eye after cat- 
ionized ferritin (CF) perfusion. Giant vacuole 
(GV) of inner wall of Schlemm's canal. There 
is CF in juxtacanalicular tissue (JCT), as well 
as along outer membrane of giant vacuole 
facing Schlemm's canal (arrows); however, no 
tracer is detected along inner membrane of 
vacuole (asterisks) (X20 000). Inset, Higher 
magnification of luminal and abluminal vacuo- 
lar membranes (X47 500). 


between regions of flow or no flow and 
the absence or presence of plaque 
material. 

Campbell et al^ showed that varia- 
tions of pigmentation and segmenta- 
tion of pigmentation are a common 
finding in POAG and suggested that 
glaucoma may be a segmental disease 
of the outflow tract. Tanchell et al' 
correlated hyperpigmented segments 
with prominent collector channels 
and hypothesized that areas of darker 
pigmentation indicated greater out- 
flow through these regions. Johnson," 
however, found no significant differ- 
ence in cellularity or morphologic fea- 
tures correlated with lightly or heavi- 
ly pigmented areas in the TM. Our 
study cannot confirm a relationship of 
flow to local pigment accumulation; 
however, our data suggest that there 
must be a segmental pathologic pro- 
cess occurring in POAG that results 
in preferential outflow of aqueous 
humor through presumably less 
affected and thereby less resistant 
regions. The effect that previous med- 
ical treatment may have had on these 
observations is not known. 

Previous studies have suggested 
that changes in components or con- 
centration of extracellular matrix 
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material may contribute to increased 
aqueous outflow resistance. Al- 
though CF may be used as a marker 
for glycosaminoglycans and acidic 
glycoconjugates in situ, it cannot be 
used as a quantitative indicator of 
extracellular material when perfused 
through the anterior chamber of the 
eye, since it will wash out from the 
extracellular spaces except where 
bound to the cell membranes. It is 
interesting to note that after perfu- 
sion of one human enucleated eye with 
anionic ferritin, the tracer was found 
to fill uniformly all intertrabecular 
spaces as well as the inside of the 
lumen of most of the giant vacuoles of 
the inner wall of Schlemm's canal, in 
contrast to CF, which labeled only the 
negatively charged surfaces. These 
observations are in agreement with 
previously reported findings after 
perfusion of primate and human eyes 
with anionic ferritin.^? 

In those areas of the glaucomatous 
eyes where CF staining was observed, 
the pattern of CF labeling in the TM 
was very similar to that seen in nor- 
mal eyes. Interestingly, however, CF 
staining was consistently absent on 
the inner membrane of the giant vac- 
uoles of the inner wall of Schlemm’s 
canal in glaucomatous eyes. These 
observations suggest either an alter- 
ation of the electrical charge on the 
inner membrane of the vacuole in the 
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glaucomatous eyes or a block of the 
flow of CF into the vacuoles. Tripa- 
thi? suggested the presence of a block 
of the outflow of aqueous humor at 
the inner wall region, the functional 
nature of which remains unknown. 
Recently, the presence of sialic acid 
residues in the aqueous humor out- 
flow pathway was demonstrated by 
incubating tissue of normal and glau- 
comatous eyes with CF or colloidal 
iron after primary immersion fixa- 
tion.? In nonglaucomatous eyes, con- 
tinuous labeling of the luminal sur- 
face and discontinuous staining of the 
abluminal surface of the inner wall at 
a pH of 1.9 was found, in contrast to 
only luminal membrane staining at a 
pH of 7.2. Glaucomatous trabeculecto- 
my specimens were incubated with 
colloidal iron and CF at a pH of 1.9, 
and labeling was observed on both 
luminal and abluminal walls of 
Schlemm's canal. These observations 
are in contrast to the continuous CF 
labeling we observed on the abluminal 
surface of the inner wall and on the 
majority of inner vacuolar mem- 
branes in nonglaucomatous specimens 
and the consistent absence of tracer 
on the abluminal surface of the giant 
vacuoles in glaucomatous specimens. 
However, it appears that the differ- 
ences in methods used by these inves- 
tigators may account for the variation 
in findings. Primary fixation may 
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alter the reactivity of complex carbo- 
hydrates. Tissue was reacted with CF 
at a different pH, and, additionally, 
giant vacuoles are rarely found in 
enucleated eyes at low intraocular 
pressure or in trabeculectomy speci- 


mens, and thus the staining pattern of ` 


vacuolar membranes may not be com- 
parable. 

In conclusion, this study further 
demonstrated the usefulness of CF as 
a tracer for the aqueous outflow path- 
ways. We have presented evidence 
suggestive of a segmental aqueous 
flow pattern in glaucomatous eyes, 
although the extent to which previous 
medical treatment may have contrib- 
uted to this finding is unknown. We 
have further shown that the CF stain- 
ing of the inner membrane of the 
giant vacuoles in these eyes is altered, 
suggestive of either a structural mem- 
brane change or a block to aqueous 
flow into the vacuole. Further studies 
are required to understand the exact 
nature of these changes in the glauco- 
matous disease process. 
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Transforming Growth Factor Beta 


A Biologic Chorioretinal Glue 


William E. Smiddy, MD; Bert M. Glaser, MD; W. Richard Green, MD; Thomas B. Connor, Jr, MD; 
Anita B. Roberts, PhD; Roger Lucas, PhD; Michael B. Sporn, MD 


e Transforming growth factor beta 
(TGF-8) stimulates fibrosis. We studied its 
possible role as a bioactive substance for 
inducing localized chorioretinal wound 
healing along the edge of a retinal tear. 
The TGF- was applied to induced retinal 
tears that were examined histopathologi- 
cally. One day after surgery, neither con- 


. trol nor TGF-6-treated eyes developed 


~~ chorioretinal wound healing. Four days, 


two weeks, and two months after surgery, 
the control eyes still had not developed 
chorioretinal wound healing. In contrast, 
the edges of the retinal tear treated with 
TGF-8 were adherent to the underlying 
Bruch's membrane via localized fibrous 
tissue without apparent effects else- 
where. These results demonstrate intra- 
ocular in vivo bioactivity of TGF-@ and 
suggest that TGF-6 may have a potential 
role as an alternative means for inducing 
a chorioretinal adhesion in the treatment 
of retinal tears. 
(Arch Ophthalmol 1989;107:577-580) 


he treatment of retinal tears with 

cryotherapy, diathermy, or photo- 
coagulation results in the formation 
of fibrotic tissue, which forms a seal 
around the edge of the torn retina.' 
Unfortunately, the extent of fibrosis 
cannot be totally controlled, resulting 
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in excessive fibrosis and proliferative 
vitreoretinopathy (PVR) in at least 
T% of cases.? Some biochemical fac- 
tors modulating the fibrotic reaction 
have been defined recently. Trans- 
forming growth factor beta (TGF-8), 
a growth factor originally identified 
in neoplastic cells, has been found to 
be produced in a variety of nonneo- 
plastic tissues, including platelets, 
placenta, and kidney,” and may influ- 
ence pigment epithelial cells. 

Transforming growth factor beta 
has protean effects, which are 
reviewed elsewhere.’ It has been 
shown to stimulate proliferation of 
fibroblasts and osteoplasts and to 
inhibit proliferation of epithelial 
cells, embryonic fibroblasts, endothe- 
lial cells, and lymphocytes. It has also 
been shown to enhance the formation 
of extracellular matrix (collagen and 
fibronectin) and inhibit matrix degra- 
dation—all independent of its prolif- 
erative activity. It also has a chemo- 
tactic effect for fibroblasts. It may 
work through binding directly to cer- 
tain genes to promote or antagonize 
their expression. Ultimately, the clini- 
cal application of such biochemical 
modulating factors may permit a 
more controllable fibrotic reaction to 
be induced around a retinal tear, 
thereby reducing the risk of PVR. 
Toward that end, we have begun by 
evaluating one of the biochemical 
stimulators of fibrosis, TGF-g, for its 
ability to induce localized chorioreti- 
nal fibrosis along the edge of a retinal 
tear in a rabbit model. 


MATERIALS AND METHODS 


Pigmented rabbits (2 to 4 kg) were used 
in this study. The animals were handled in 
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accordance with guidelines of the Associa- 
tion for Research in Vision and Ophthal- 
mology. Anesthesia was induced by a 0.5- 
mL intramuscular injection of a 1:2 mix- 
ture of xylazine hydrochloride (100 mg/ 
mL, Rompun) and ketamine hydrochloride 
(100 mg/mL, Ketalar). Occasionally, addi- 
tional 0.1-mL injections of ketamine 
hydrochloride were necessary to titrate the 
optimal degree of anesthesia. The pupils 
were dilated with topical drops of 2.5% 
phenylephrine hydrochloride, 1% tropi- 
camide, and 5% homatropine hydrobro- 
mide. Topical anesthesia was induced with 
proparacaine. 

Our surgical technique involved a “gas 
vitreoplasty," retinotomy, and instillation 
of test solution (Fig 1). The gas vitreoplas- 
ty was performed by intravitreal injection 
of 0.5 cc of perfluoropropane gas. An ante- 
rior chamber paracentesis was performed 
to normalize intraocular pressure. After 
three days, the bubble size increased to fill 
over 50% of the vitreous cavity. At this 
time, an infusion cannula was introduced 3 
mm posterior to the limbus, and the gas 
bubble was washed out with balanced salt 
solution. The fundus was visualized with 
coaxial illumination via a planoconcave 
contact lens sitting on a cushion of methyl- 
cellulose. Then, in a fluid-filled eye, a bent 
20-gauge needle was used to perform a 
]-mm retinotomy temporal to the disc at 
the border of the myelinated fibers. A 
fluid-gas exchange was then performed 
with the use of a hand-held 90-diopter lens 
to visualize the fundus. Next, 150 uL of a 
hyaluronate sodium solution containing 
TGF-8 or, in the fellow eye, hyaluronate 
with control solution (defined below) was 
introduced over the retinotomy through a 
blunt 20-gauge needle under direct visual- 
ization. The sclerotomies were then closed 
with 7-0 silk sutures. The animals were 
observed and killed after the specified time 
intervals. 

The TGF-8 (type 1) was prepared and 
purified from porcine platelets’ and stored 
at —70°C as a stock solution consisting of 
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Fig 1.— Technique used in study. After fluid- 
gas exchange, test solution was applied over 
retinotomy under visualization with hand-held 
90-diopter lens. 


0.1 ug/uL in 4 mmol/L hydrochloric acid 
containing 0.0176 bovine serum albumin 
(Sigma Chemical Co, St Louis; essentially 
globulin free). The stock solution of TGF-8 
was diluted with sterile water and then 
diluted 1:1 with 10 mg/mL of hyaluronate 
sodium (Healon; Pharmacia Laboratories, 
Piscataway, NJ). The control solution was 
identical except that it lacked TGF-8. The 
pH of each final mixture (in hyaluronate) 
was 6.5. 

This study was designed to define the 
time course and dose dependency of the 
effects of TGF-8 and control injections on 
fibrosis along the edges of retinotomies in 
rabbits. In the time-course portion of this 
study, one eye was treated with 700 ng of 
TGF-g8 and the fellow eye was treated with 
the control solution. Animals were killed 
one day, four days, two weeks, and two 
months after treatment. Nine TGF-$- 
treated eyes and eight control eyes were 
examined histopathologically (Table 1). 

Dose dependency was studied in a sepa- 
rate group of animals. Transforming 
growth factor beta was applied to retino- 
tomies in doses of 700 ng, 350 ng, 175 ng, 70 
ng, and 7 ng. Twelve eyes treated with 
various concentrations of TGF-8 and seven 
control eyes were studied histopathologi- 
cally (Table 2). 

Twelve eyes were excluded from the 
study because intraoperative complica- 
tions occurred. Included among these com- 
plications were choroidal or vitreous hem- 
orrhages and infusion cannula migration 
under the retina. The sclerotomies were 
located in peripheral retina; however, 
although cryopexy was not performed, 
there was a low incidence of peripheral 
retinal detachment. 

Animals were killed with a 5-mL intra- 
cardiac injection of pentobarbital sodium 
after administration of general anesthesia 
as described above. The eyes were enucle- 
ated, opened anteriorly by a 3-mm razor 
slit placed 2 mm posterior to the limbus, 
and placed in 10% buffered formaldehyde. 
Blocks containing the retinotomy were 
prepared, serially dehydrated, and embed- 
ded in paraffin for serial sectioning and 
microscopic examination. 
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No. of Eyes With 
Chorioretinal Fibrosis 
Time After 
Treatment 


TGF-8 


Control 





*The presence of fibrosis with transforming 
growth factor beta (TGF-8) treatment vs control at 
four days or later was statistically significant 
(P < .001) (Fisher's exact test). 


In eyes undergoing autoradiographic 
studies, 0.1 mL (100 mCi) of tritiated thy- 
midine (New England Nuclear, Boston) 
was injected intravitreally six hours before 
death. Under dark conditions, unstained 
slides were dipped in photographic emul- 
sion (NTB-2; Kodak, Rochester, NY) at 
72°C, stored at 12°C, and developed after 
three weeks with standard photographic 
solutions. 


RESULTS 
Time Course 


The time course of the appearance 
of wound healing after a single dose of 
700 ng of TGF-8 was investigated at 
four time intervals. 

The histopathologic effects one day 
after treatment were the same for the 
TGF-8-treated eye and control eye in 
both animals. At the site of the retino- 
tomy, there were rounded retinal 
edges and only minimal reparative 
changes in both control and TGF-68 
eyes. 

Four days after treatment, all three 
control eyes showed minimal repara- 
tive changes, with rounded, nonadher- 
ent retinal edges (Fig 2). In contrast, 
in all three of the TGF-6-treated eyes 
there was a fibrotic response sealing 
the edges of the retinal hole to the 
underlying choroid. 

Two weeks after treatment, all 
three control eyes were devoid of sig- 
nificant underlying choroidal fibrosis 
(Fig 3). The edges of all three TGF- 
B-treated eyes were attached to the 
choroid via chorioretinal fibrotic tis- 
sue. 

Two months after treatment, the 
control eye showed intraretinal gliosis 
without chorioretinal adhesion, while 
there was chorioretinal wound heal- 
ing in the TGF-6-treated eye (Fig 4). 

The results of the time-course por- 
tion of this study are summarized in 
Table 1. Control eyes showed only 
minimal signs of reparation at all 
time points. In contrast, all eyes 
treated with TGF-8 showed fibrotic 
tissue linking the edges of the retinal 


No. of Eyes With 
Chorioretinal Fibrosis 


Control 


TGF-8 





* The presence of fibrosis with 70 ng or more of 
transforming growth factor beta (TGF-8) treatment vs 
control was statistically significant (P < .003) (Fish- 
er's exact test). 


tear to the underlying choroid four 
days, two weeks, and two months 
after treatment. The inflammatory 
response was minimal for both con- 
trols and TGF-68-treated eyes, and no 
neovascularization was observed in 
any specimen. 


Dose Dependency 


The dose response of the appear- 
ance of fibrosis four days after treat- 
ment was studied for several doses 
(Table 2). 

Chorioretinal fibrosis mediating 
chorioretinal adhesion at the site of 
the retinotomy was apparent in two 
eyes treated with 350 ng of TGF-8 and 
the single eye treated with a 175-ng 
dose of TGF-8. None of the seven 
control eyes had a similar response. 
Three eyes were treated with 70 ng of 
TGF-8. The retina in one eye showed 
no signs of fibrosis, but there was 
significant chorioretinal wound heal- 
ing in the other two eyes. The three 
eyes treated with 7 ng of TGF-8 were 
indistinguishable from controls. 


Autoradiography 


There was no autoradiographic evi- 
dence of active cell proliferation in 


any specimen one day, two weeks, and, 


two months after treatment. The 
specimens that were examined four 
days after treatment with TGF-8 
showed uptake of tritiated thymidine 
where the fibrotic scar extended 
under adjacent, intact retina and 
especially on the inner aspect of the 
fibrotic tissue present between edges 
of the retinotomy (Fig 5). There was 
no uptake of tritiated thymidine in 
control eyes. 


COMMENT 


Transforming growth factor beta, a 
growth factor originally identified in 
neoplastic cells, has been found to be, 
produced in a variety of nonneoplastic/ 
tissues, including platelets, placenta, 
and kidney, and many influence ret- 
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inal pigment epithelial cells (B.M.G., 
unpublished data, 1987). In this study, 
TGF-8 was applied to retinotomies in 
an experimental rabbit model. Histo- 


pathologically, 700 ng of TGF-6 
caused chorioretinal wound healing 
characterized by a fibrous tissue 
response underlying the retinotomy. 
This response was not evident one day 
after treatment but was evident four 
days to two months after treatment. 
„Control eyes did not show this 
` response. The effect with slightly low- 
er doses was similar. The effect was 
variably present when a 70-ng dose 
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ylin-eosin, X 100). 


was used and was absent with a 7-ng 
dose. The number of eyes in this study 
does not allow for a more precise 
threshold dose determination. There 
were no recognizable effects of TGF-8 
on other parts of the eye, and it 
induced only minimal inflammation. 
In addition, there was no neovascular- 
ization in any of the specimens. 

Cell proliferation, active four days 
after treatment, was demonstrated by 
autoradiographic techniques. Mor- 
phologically, pigmented cells were 
usually admixed within the fibrous 
tissue. However, cells associated with 


Fig 3.—Top, Two weeks after control treatment, retinal edges are 
rounded and not adherent to underlying retinal pigment epithelium and 
choroid, which are devoid of cellular reaction. Bottom, Two weeks after 
treatment with 700 ng of transforming growth factor beta, there is 
chorioretinal wound healing and adhesion at retinotomy site (hematox- 





Fig 2.—Top, Retinotomy four days after treatment with control solution. 
Retinal edges are distinct and rounded without underlying cellular 
reaction. Center and bottom, Appearance of two of three eyes treated 
with 700 ng of transforming growth factor beta solution. They show 
chorioretinal adhesion at edges of retinotomy (arrows) mediated by 
marked fibrosis. There is mild localized hemorrhage in all specimens, 
but no significant inflammatory cells (hematoxylin-eosin, X 180). 


the scar did not form the clumped, 
piled-up pattern characteristic of 
what is inferred to be retinal pigment 
epithelial cell proliferation in re- 
sponse to laser treatment.* The cell of 
origin of the fibrosis in this study is 
uncertain and may include choroidal 
stromal fibrocytes, retinal glial cells, 
or retinal pigment epithelial cells. 
Immunohistochemical or electron mi- 
croscopie studies may allow for better 
determination of cell origin, but they 
were beyond the scope of this study. 
The control-treated retinotomies 
showed less retinal wound healing 
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Fig 5.—Autoradiograph of specimen four days after treatment with 
transforming growth factor beta, corresponding to Fig 2, center. There 
are black grains overlying inner aspect of fibrotic scar and in retroreti- 
nal portion at retinotomy edge (arrowheads), indicating uptake of 
tritiated thymidine during cell division. The origin of these cells is 
uncertain. Arrow is in same place as arrow in Fig 3, bottom, at edge of 
retinotomy (X 180). 


Fig 4.—Left, Retinotomy two months after control treatment shows 
intraretinal and retroretinal gliosis (between arrows). Retinotomy is not 
adherent to normal-appearing, underlying choroid (not in photographic 
field), which is devoid of cellular reaction. Right, Two months after 
treatment with transforming growth factor beta, there is chorioretinal 
adhesion of edge of retinotomy mediated by fibrous cellular reaction 





than did those in a previous study.’ 
Our technique differed in the use of an 
expanding gas to compress the vitre- 
ous. This altered the structural and 
biochemical properties of the vitreous, 
which would alter its effect on retinal 
wound healing. 

Other studies have assessed the 
adhesive quality of  chorioretinal 
modalities by tensile strength.'^" 
While this may be important, an 
equally critical issue is whether or not 
the edge of the retinal break is water- 
tight. If the adhesion is not water- 
tight, its mechanical strength is an 
academic issue. Thus, there are gluing 
and sealant properties that must be 
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present to induce an effect in adhe- 
sion. These adhesions seemed sealed 
clinically and histopathologically on a 
morphologic basis, but a system that 
measures the watertightness would be 
welcomed for this or any other study 
of an adhesive modality. 

A definite advantage of TGF-8 is 
that its effectiveness is due to intrin- 
sic pharmacologic manipulation of the 
biologic processes rather than the 
introduction of synthetic, extrinsic 
factors. Morphologically, its effects 
seem evident by four days. Possible 
applications may include use for dis- 
crete breaks but also in broader zones 
where large breaks or relaxing retino- 
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The intraocular in vivo bioactivity 


of TGF-8 has been demonstrated and*«, 


suggests a potential role for TGF-8 as 
an alternative means for inducing 
chorioretinal adhesion. 
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Cellular Mechanisms of Iris Neovascularization 


Secondary to Retinal Vein Occlusion 
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e We developed an animal model that 
allows the early phases of iris neovascu- 
larization to be studied in detail. Three 
major retinal branch veins were occluded 
with the argon laser in five eyes of cyno- 
molgus monkeys, after which the eyes 
were enucleated at various time intervals. 


= We observed three phases of the neovas- 


ular process in the iris. The early phase 
was characterized by vessel dilation and 
intense uptake of tritiated thymidine in 
the vascular endothelial cells. In the inter- 
mediate phase, prominent new vessels, 
ectropion uveae, peripheral anterior syne- 
chiae, and elevated intraocular pressure 
developed. Also noted were a decrease in 
tritiated thymidine uptake of the endothe- 
lial cells, a remarkable increase in stromal 
cell tritiated thymidine activity, and the 
formation of a neovascular membrane in 
association with the anterior migration of 
stromal cells. The late phase was marked 
by a further reduction of tritiated thymi- 


»-dine uptake and regression of the neovas- 


cular membrane. 
(Arch Ophthalmol 1989;107:581-586) 
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ris neovascularization with second- 

ary angle-closure glaucoma is an 
important cause of blindness, yet its 
pathogenesis is poorly understood, 
partially due to the lack of a suitable 
animal model. Human material is 
usually available only in the form of 
enucleated eyes at the end stage of a 
chronic degenerative disease process. 
Investigations into the early develop- 
ment of iris neovascularization re- 
quire an appropriate animal model. 

Recently, iris neovascularization 
was induced in the adult rabbit’? and 
the adult cat? by creating a rhegma- 
togenous retinal detachment after 
lensectomy and vitrectomy. In the ini- 
tial studies, iris neovascularization 
developed in all of the treated cat eyes 
and 75% of the treated rabbit eyes. 
None of the eyes, either rabbit or cat, 
developed the neovascular glaucoma 
so often seen in the human disorder. 
These models may have a useful role 
in statistical studies, such as in deter- 
mining the effect of an intact anterior 
lens capsule on the incidence of iris 
neovascularization? Unfortunately, 
the marked anatomic dissimilarity 
between the cat and rabbit eye and 
the human eye makes extrapolation to 
the human condition, especially with 
regard to detailed cellular mecha- 
nisms, difficult. 

We produced an animal model of 
iris neovascularization in primates*’ 
that appears to simulate closely the 
human disease process, including the 
development of secondary angle-clo- 
sure glaucoma. Using this model, we 
examined the proliferative sequence 
of events in the development and 
regression of iris neovascularization. 


MATERIALS AND METHODS 


Three major retinal branch veins were 
permanently occluded with the use of the 
argon laser in five eyes of three cynomol- 
gus monkeys according to a previously 
reported procedure.*^ One eye served as a 
control. In three eyes, lensectomy and 
vitrectomy were performed first. When the 
postoperative inflammation had subsided 
in these three eyes, retinal vein occlusion 
was achieved. The remaining two eyes did 
not undergo lensectomy or vitrectomy 
before argon laser administration. All of 
the eyes were followed up before the reti- 
nal vein occlusion and serially thereafter 
by detailed slit-lamp examination, intra- 
ocular pressure measurement (with a 
Goldmann applanation tonometer 
mounted on a slit lamp), color photogra- 
phy, and fluorescein angiography of the 
iris and fundus. Fluorescein angiography 
of the iris and fundus were performed on 
different days because (1) the pupil was 
not dilated for the former but was for the 
latter and (2) good-quality angiograms of 
either structure were possible only at the 
first injection of fluorescein sodium, after 
which the tissues had residual fluores- 
cence. 

For all procedures except the intraocular 
pressure measurement, the animals were 
anesthetized with intravenous injection of 
pentobarbital sodium. The intraocular 
pressure was usually measured after the 
administration of ketamine anesthesia. 

Two of the five treated eyes received a 
second application of argon laser energy to 
a remaining branch retinal vein. This was 
done in one eye (monkey 2, right eye) 
because definite iris neovascularization 
was not observed clinically after the first 
laser application and in another eye (mon- 
key 3, right eye) because the clinically 
apparent iris neovascularization had re- 
gressed. 

The eyes were enucleated at various 
times from five to 133 days after the 
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Experimental Design and Results 


Lensectomy / 
Vitrectomy 





Iris 
Neovascularization 


* Time between retinal vein occlusion and enucleation. 


tControl eye. 


Retinal vessels occluded on two different occasions. 


SAbnormal iris vessels observed clinically; no definite microscopic evidence of iris neovascularization. 





Fig 1.—Fundus photograph showing retinal 
vein occlusion produced by argon laser one 
day (top) and 16 days (bottom) after photoco- 
agulation. Retina at bottom shows character- 
istic hemorrhagic retinopathy. 


occlusion of the retinal veins. About one 
hour before enucleation, 30 uCi of intraca- 
meral tritiated thymidine and intravenous 
horseradish peroxidase (dissolved in nor- 
mal saline solution at a dose rate of 200 
mg/kg of body weight) were given. The 
Table summarizes the experimental de- 
sign. 

After enucleation, the eyes were cut at 
the equator with a razor blade and fixed in 
a mixture of 2.0% paraformaldehyde and 
1.875 glutaraldehyde in phosphate buffer. 
Some sections of each iris were directly 
postfixed in osmium tetroxide, dehydrated 
in graded alcohols, and embedded in epoxy 
resin. Other sections of iris were processed 
for localization of horseradish peroxidase 
by the methods previously described,’ 
before being embedded in the resin. Auto- 
radiographs were prepared with 1l-um- 
thick sections taken from some of the 
directly postfixed resin blocks. A four- 
week development period was used for the 
autoradiographs. 
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Fig 2.—Ectropion uveae at pupillary border 
(arrows) 27 days after retinal vein occlusion. P 
indicates pupil; L, limbus. 


RESULTS 
Clinical Findings 


Hemorrhagic retinopathy  devel- 
oped in all eyes with retinal vein 
occlusion. Figure 1 shows a fundus at 
one day and again at 16 days after 
retinal vein occlusion. 

Clinically, the irises developed 
prominent, abnormal vessels after 
retinal vein occlusion. One eye (mon- 
key 1, right eye; Table) also demon- 
strated marked ectropion uveae and 
an intraocular pressure of 38 mm Hg 
three weeks after occlusion was 
achieved (Fig 2). 

Iris fluorescein angiography dis- 
closed dilated, abnormal, and leaking 
iris vessels in all treated eyes within 
five days of retinal vein occlusion (Fig 
3). 


Light Microscopy 


Light microscopy disclosed various 
degrees and stages of iris vascular 
proliferative activity. Two of the five 
treated eyes lacked any definite mor- 
phologic variation from normal (mon- 
key 2, right eye, and monkey 3, left 
eye; Table). The remaining three eyes 
(enucleated at 5, 27, and 133 days after 
laser treatment) showed substantial 
histologic changes. 

When compared with the control 
iris (monkey 1, left eye) on the fifth 
day after retinal vein occlusion, the 
left iris of monkey 2 showed marked 
dilation of the stromal vessels. Ves- 





Fig 3.— Iris fluorescein angiograms. Top, Con- 
trol iris angiogram 37.3 s after dye injection. 
Bottom, Typical iris angiogram (11.5 s) after 
retinal vein occlusion shows diffuse leakage of 
dye. 


sels in all regions of the iris stroma 
appeared to be equally dilated, with 
no obvious differences in the anterior 
vs posterior or pupillary border vs iris 
root regions. 

At 27 days after retinal vein occlu- ^ 
sion (monkey 1, right eye), several 
changes were seen (Fig 4), including 
marked ectropion uveae and a thick, 
highly vaseular membrane on the 
anterior surface of the iris. The ante- 
rior surface of the membrane was 
smooth and consisted of flattened 
cells. Small, thin-walled vessels were 
especially prominent just under the 
surface of the membrane. The main 
body of the membrane had relatively 
few cells, consisting mostly of iris 
stromal cells, melanocytes, and a few 
pigment-laden macrophages, associ- 
ated with a loose collagen matrix.« 
Posterior to the membrane, in the 
region of the anterior border layer of 
the iris, the density of cells increased 
markedly. Dilated vessels were ob- 
served throughout the iris stroma. 
Peripheral anterior synechiae closed 
the iridocorneal angle and extended to 
Schwalbe's line. Occasional pigment- 
laden macrophages and a few inflam- 
matory cells were seen. 

A definite membrane was present 
133 days after retinal vein occlusion 
(monkey 3, right eye) on the anterior 
surface of the iris, but it was thin and 
had fewer and smaller vessels than 
those seen in the iris of the eye enucla, 
ated at 27 days. The stroma of the iris 
appeared to be relatively normal, with 
no substantially dilated stromal ves- 
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Fig 4.— Monkey iris 27 days after retinal vein 
. occlusion. Top, Note ectropion uveae (arrow) 
and neovascular membrane (M) at anterior iris 
surface (Mallory's stain, X56). Middle, Higher 
magnification of neovascular membrane 
showing thin-walled new vessels (NV) along 
anterior surface (AB) of iris (Mallory's stain, 
X225). Bottom, Peripheral anterior synechia 
at iridocorneal angle extends from scleral spur 
(S) to Schwalbe's line (arrow). AC indicates 
anterior chamber (Mallory's stain, X56). 


sels. Despite additional retinal photo- 
coagulation five days before enucle- 
ation, no acute inflammatory changes 
were noted. 


py Autoradiography 


In the eye enucleated five days after 
the retinal vein occlusion (monkey 2, 
left eye), positive tritiated thymidine 
uptake occurred in many vascular 
endothelial cells throughout the iris 
stroma (Fig 5). The density of labeled 
cells was about the same in all regions 
of the iris stroma, without anterior vs 
posterior or pupillary border vs iris 
root preference. Autoradiographic 
activity was almost completely con- 
fined to the vascular endothelial 
cells. 

At 27 days after retinal vein occlu- 
sion (monkey 1, right eye), positive 
tritiated thymidine uptake was found 
mostly in the iris stromal cells located 
within the vascular membrane on the 
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Fig 5.—Autoradiograph of monkey iris five 
days after retinal vein occlusion, demonstrat- 
ing labeled endothelial cells (arrows). Top, At 
anterior iris stroma, labeled vascular endothe- 
lial cells are seen. AC indicates anterior cham- 
ber (Mallory's stain, X225). Middle, Mid-iris 
stroma (Mallory's stain, X562). Bottom, Pos- 
terior iris stroma at level of sphincter muscle 
(SM) (Mallory's stain, X562). 


anterior surface of the iris, (Fig 6, 
top). Occasional vascular endothelial 
cells showed positive tritiated thymi- 
dine labeling, but there were fewer 
labeled cells than in the iris of the eye 
removed on day 5 (Fig 6, bottom). Few 
tritiated thymidine-labeled cells were 
found in the iris 133 days after retinal 
vein occlusion. 


Electron Microscopy 


The normal monkey iris exhibited 
an intimate relationship between 
stromal cells and melanocytes. The 
stromal cells sent out processes that 
partially surrounded most of the 
melanocytic processes (Fig 7). These 
stromal cell processes were close to 
the fine processes of the melanocytes. 
Occasionally, a single stromal cell 
process extended to surround several 
melanocytes (Fig 8). 

This intimate relationship was lost 
in the eye removed 27 days after reti- 
nal vein occlusion (Fig 9). The normal 
stromal cell processes surrounding 








Fig 6.—Autoradiograph of monkey iris 27 
days after retinal vein occlusion. Top, Labeled 
stromal cells (arrows) are seen scattered 
along neovascular membrane (M) (Mallory's 
stain, X562). Bottom, Note occasional labeled 
endothelial cells (arrow). Macrophages (ar- 
rowheads) occur along anterior border layer of 
iris. NV indicates new vessels (Mallory's stain, 
X562). 


the melanocytes were no longer seen. 
Instead, isolated iris stromal cells 
were present within the vascular 
membrane on the anterior iris sur- 
face. 

Other electron microscopic findings 
included thin-walled iris vessels with 
endothelial cell fenestrations, deposi- 
tion of fibrinous material between 
vessel endothelial cells and pericytes, 
and a multiply laminated basement 
membrane surrounding many of the 
blood vessels (Fig 10). Five days after 
retinal vein occlusion, endothelial cell 
fenestrations were found in vessels 
throughout the iris stroma. These fen- 
estrations lacked polarity. At 27 days 
after retinal vein occlusion, however, 
the iris had fenestrations confined to 
the most anterior vessels. Where 
present, these fenestrations were 
always oriented toward the anterior 
chamber (Fig 10). 

At 27 days, the cells composing the 
anterior surface layer of the vascular 
membrane in the iris were morpho- 
logically similar to iris stromal cells. 
They had infolded nuclei, moderate 
peripheral chromatin clumping, abun- 
dant rough endoplasmic reticulum, 
and numerous cytoplasmic processes 
containing microfilaments, some of 
which extended to form the smooth 
anterior surface of the membrane 
(Fig 11). The cells did not produce 
basement membrane. They were sur- 


Iris Neovascularization—Nork et al 583 





PIV, T i 





Aa = 


£ 


Fig 7.—Electron micrograph of normal iris stroma of cynomolgus monkey demonstrates intimate 
relationship between stromal cells (S) and melanocytes (M). Processes (arrows) from stromal 


cells surround iris melanocytes (X8000). 


Fig 8.— Normal iris stromal cell (S) sends processes (arrows) that partially surround several 
adjacent melanocytes (M) (8000). 


rounded by a loose matrix of fila- 
ments, the individual strands of which 
were somewhat finer than those of the 
native iris stromal collagen. 

Horseradish peroxidase leaked 
heavily throughout the stroma of the 
iris five days after retinal vein occlu- 
sion. Similar leakage was noted in 
both the stroma and the membrane of 
the iris 27 days after retinal vein 
occlusion. No leakage was found in the 
iris of the control eye. 
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COMMENT 


This study confirms our previously 
developed experimental model of iris 
neovascularization and secondary 
neovascular glaucoma,* links hemor- 
rhagic retinopathy with retinal ische- 
mia to vascular proliferative changes 
in the iris, and documents the 
sequence of development and regres- 
sion of the iris neovascular process. 

While the irises in three of the five 








eyes with retinal vein occlusion 
showed a variable degree of clinical 
and morphologic signs of vascular 
proliferation, the eye removed at 27 
days showed the full clinical and his- 
topathologic set of findings so charac- 
teristic of iris neovascularization with 
secondary neovascular glaucoma. Ele- 
vated intraocular pressure; abnormal, 
dilated, and tortuous iris vessels that 
leaked fluorescein; ectropion uveae; 
prominent neovascular membrane 
over the anterior iris surface; and 
peripheral anterior synechiae were all 
evident in this eye. 

All five eyes in this study showed 
evidence of iris neovascularization on 
fluorescein iris angiography. Howev- 
er, two of these did not exhibit micro- 
scopic evidence of iris neovasculariza- +» 
tion. The remaining three eyes 
showed various degrees of neovascu- 
lar change. This disparity between the 
clinical and histopathologic observa- 
tions could be due to either regression 
of early new vessels by the time the 
eyes were enucleated or focal new 
vessels that were missed on tissue 
sectioning (ie, “sampling error"). 

The type of change seen in each eye 
was locally consistent with the time 
span between retinal vein occlusion 
and enucleation. That is, marked pro- 
liferative activity alone was found in^-* 
the eye enucleated at five days after 
retinal vein occlusion; mild cellular 
proliferation, migration, and mem- 
brane formation were present in the 
eye removed at 27 days after vein 
occlusion; and a regressed neovascular 
membrane with little proliferative 
activity was noted in the eye exam- 
ined 133 days after vein occlusion. We 
therefore believe that these three eyes 
must constitute three phases in the 
formation and regression of iris neo- 
vascularization. Examination of a 
larger number of eyes might reveal 
more distinctive phases, but at leass 
these three should be present. 

For convenience, we will refer to the 
three phases as the early, intermedi- 
ate, and late phases, as represented by 
the eyes removed at 5, 27, and 133 days 
after retinal vein occlusion, respec- 
tively. 

The early phase was characterized 
by a generalized dilation of iris ves- 
sels, leakage of fluorescein, and 
marked proliferation of vascular 
endothelial cells throughout the iris 
stroma. On electron microscopy, we 
observed occasional randomly ori- 
ented, vascular endothelial fenestra- 
tions, as well as deposition of fibrinous 
material between the endothelial cell 
and the pericytes. During this phase, 
the intimate relationship between the 
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iris stromal cells and the melanocytes 
remained unchanged. 

In the intermediate phase, the clas- 
sic picture of active iris neovasculari- 
zation and secondary angle-closure 

* glaucoma emerged. While some vascu- 
lar endothelial cell proliferation con- 
tinued, most of the mitotic activity 
was now present in the stromal cells 
within the neovascular membrane. 
The ultrastructural appearance of 
the iris stromal cells at the intermedi- 
ate phase changed as well. In the 
normal iris we saw an intimate associ- 
ation between the iris stromal cells 
and the iris melanocytes,” as demon- 
strated by the stromal cell processes 
that partly surrounded every melano- 
cyte. This association was lost in the 
intermediate phase. The stromal cells 
appeared to have withdrawn their 
processes. Furthermore, many stro- 
mal cells were found within the neo- 
vascular membrane, well anterior to 
the anterior edge of the iris stroma. 
The “myofibroblasts”? that com- 
posed the surface of the neovascular 
membrane had many ultrastructural 
features suggestive of iris stromal 
cells. These included an _ infolded 
nucleus, abundant rough endoplasmic 
reticulum, and lack of a surrounding 
basement membrane and cell process- 
es, which now extended to form the 
smooth surface of the membrane and 
contained microfilaments. 

The pertinent findings of the inter- 
mediate phase were a shift of cellular 
proliferative activity from the vascu- 


A 





occlusion of retinal veins, showing endothelial 
fenestrations (arrows) present only toward 
anterior chamber (AC) (X30 000). Inset, Fibri- 
gous deposits (arrowheads) are noted 
‘between endothelial cells and pericytes. Lat- 
ter exhibit multiply laminated basement mem- 
branes (MBM) (X 12 000). 
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Fig 9.—Iris stroma 27 days after retinal vein occlusion. Intimate relationship between stromal 
cells (S) and melanocytes (M) has been lost. Scattered stromal cells are seen among iris 
melanocytes. Stromal cell processes that normally surround normal iris melanocytes are no 


longer observed (X7000). 
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Fig 11.—Iris neovascular membrane along anterior surface of iris consists of new blood vessel 
(L), without fenestrations, and stromal cells (S) lining anterior surface of iris in fine collagen 


matrix. AC indicates anterior chamber (8000). 


Iris Neovascularization — Nork et al 


585 


Stil a WR 


PES "a Zee A 


ba 


APR a AAS N TA ee 


bu 


Sina sg tan hem Ad a 


"s f. 
WT Ne. 


k 
PNE e Dice a 


lar endothelial cells to the iris stromal 
cells; the loss of normal association 
between iris stromal cells and mela- 
nocytes; the presence of iris stromal 
cells within the neovascular mem- 
brane; and the ultrastructural simi- 
larity of the surface cells of the mem- 
brane to iris stromal cells. We there- 
fore concluded that in the neovascular 
process the iris stromal cells prolifer- 
ate, lose their normal intercellular 
relationships, and migrate anteriorly 
to form the extravascular component 
of the neovascular membrane. This 
extravascular component consisted of 
a collagen matrix between the new 
blood vessels and the smooth, taut 
layer of “myofibroblasts” on the ante- 
rior surface of the membrane. 
Additional ultrastructural findings 
of the intermediate phase were vascu- 
lar endothelial fenestrations facing 
the anterior chamber, leakage of 
horseradish peroxidase from these 
vessels, deposition of fibrinous mate- 
rial between the endothelial cells and 
pericytes, and multiple laminated 
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basement membrane surrounding the 
pericytes. 

In the late phase, there was regres- 
sion of the neovascular membrane. A 
smooth surface layer of cells was still 
present, but few remaining vessels 
were seen. The dissociation between 
the iris stromal cell processes and the 
iris melanocytes persisted, however. 

The clinical and light and electron 
microscopic findings of iris neovascu- 
larization produced in this animal 
model were similar to those described 
in human diabetic retinopathy, cen- 
tral retinal vein occlusion, sickle cell 
disease, and uveitis.'*'’ Unlike the pre- 
vious adult rabbit and cat (vitrecto- 
my/lensectomy/rhegmatogenous reti- 
nal detachment) model,’ our monkey 
model developed secondary angle-clo- 
sure glaucoma,* thus closely mimick- 
ing the human disease. 

The number of eyes in this study 
was small. With a more extensive 
study, it should be possible to deter- 
mine the sequence of events in iris 
neovascularization and secondary 
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intermediate phase of stromal cell «^ 


proliferation, stromal cell migration, 
neovascular membrane formation, 
and development of peripheral anteri- 
or synechiae with secondary glauco- 
ma; and a late phase of cessation of 
proliferative activity and neovascular 
membrane regression. 

Having achieved an appropriate 
animal model for iris neovasculariza- 
tion and secondary angle-closure 
glaucoma, we will find it possible in 
the future to investigate the pathoge- 
netic mechanism of the intraocular 
neovascularization process. 
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e produced corneal excisions with 
cond (ns)-, picosecond-, and fem- 
ond (fs)pulsed lasers at visible 
p wavelengths. The threshold energy for 
< . ablation was proportional to the square 
-.. root of the pulse duration and varied from 
UA microjoules (uJ) at 100 fs to 500 uJ at 

.. 8 ns. Excisions made with picosecond 
‘and femtosecond lasers were ultrastruc- 
turally superior to those made with nano- 
4 ond lasers and, at pulse energies near 
old, : showed almost as little tissue 
as excisions made with excimer 
at 193 nm. We conclude that ultra- 
ulsed lasers at visible and near- 
red wavelengths are a possible alter- 
ive to excimer lasers for corneal sur- 
T gery and might have advantages over 
^ ' conventional ophthalmic neodymium-YAG 

lasers for some intraocular applications. 
(Arch Ophthalmol. 1989;107:587-592) 





















































T'here is much interest in the use of 
lasers for corneal surgery. Excim- 
asers operating at 193 nm have 
ed the most attention.'? Pulsed 
ed lasers at wavelengths near 
| have also been investigated.'^" 
ese lasers can produce corneal exci- 
of high quality, with little dam- 
ge to adjacent tissue, largely because 
: tissue absorption lengths at both 193 
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nm and 2.9 um are very short. Most of 
the laser light is absorbed by a small 
volume of tissue, which is ablated; 
little energy reaches the surrounding 
tissue, which remains undamaged. 
Visible and near-infrared lasers can 
also be used for corneal ablation, even 
though at these wavelengths the cor- 
nea is transparent. When a sufficient- 
ly intense visible or near-infrared 
laser pulse is focused at the anterior 
corneal surface, optical breakdown 
(laser-induced plasma formation) oc- 
curs, and tissue is ablated by a plas- 
ma-mediated process. A similar, 
although intraocular, plasma-medi- 
ated tissue cutting process is the basis 
for the now commonplace procedures 
of neodymium (Nd)-YAG laser irido- 
tomy and posterior capsulotomy.'*" 
We have conducted a comparative 
study of nanosecond (ns), picosecond 
(ps), and femtosecond (fs) laser abla- 
tion of the cornea at visible wave- 
lengths. We have measured rates of 
material removal (ablation depth per 
pulse) as a function of pulse energy 
for pulse durations from 65 fs to 8 ns, 
and we have used light and transmis- 
sion electron microscopy to character- 
ize excision morphology and tissue 
damage. We show that picosecond and 
femtosecond lasers can produce exci- 
sions that are ultrastructurally supe- 
rior to those made with nanosecond 
lasers at visible wavelengths. In addi- 
tion, we show that ablation can be 
performed at much lower pulse ener- 
gies with picosecond and femtosecond 
lasers than with nanosecond lasers, 
and with better control over rates of 
material removal. We conclude that 


-ultrashort-pulsed lasers at visible and 


near-infrared’ wavelengths may be a 


possible alternative to excimer lasers 
for corneal surgery. We e speculate that. 














































these lasers might also have 
tages over conventional oph 
Nd-Y AG lasers for selected i int 
lar applications. 


MATERIALS AND METHODS 


A colliding-pulse-model 
laser? produced 65-fs pu 
Repetition rate was 100 
energy was 0.2 nanojou 
amplified to 200 microjoules 
tition rate of 20 Hz by an Nd 
pumped four-stage dye amplifie 
fied pulses were 100 fs long. A di 
grating pair was used to stretch th | 
to 1 ps when this was desired." Alterna- 
tively, pulses were amplified to 2 uJ at a 
repetition rate of 8 kHz using a singl 
stage dye amplifier pumped by. à coppi 
vapor laser.” In this case, duration of 
amplified pulses was 65 fs. A modeloc 
Nd-YAG laser (Quantel YG501- 10, Sa 
Clara, Calif) and a Q-switched } 
laser (Spectra-Physics DCR-2A, M 
View, Calif) were used to genera 
pulses. Both of these lasers were ope 
at 532 nm and 10 Hz. Pulse duratio: 
30 ps and 8 ns, respectively. Nanos 
pulse durations were measured with | 3 
photodiode and an sec tee ! 

















ter) for each laser was estimá 
approximately 25 um. (The na 
laser produces a "donut-mode" ra 
a gaussian beam. The beams : 
30-ps laser and the 20-Hz femt 
laser are nearly gaussian but. wit I 
ture at high spatial frequencies. DÀ 
comparison of the spot sizes of th 
lasers is therefore difficult.) 
attenuated to the desired ene 
tral density filters placed before the | | 
ing lens. Pulse energies were mea 
with a ee detector Ak ple 
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100 fs, and 1 ps; 532 nm at 30 ps and 8 ns. 


09) o or a disc calorimeter (Scientech 
360001/365). 

-— Ablation was performed on 35 freshly 
^ enucleated bovine calf eyes. The cornea of 
each eye was deepithelialized immediately 
- before ablation by mechanical débride- 
ment. Each eye was positioned so that the 
"laser light was focused onto the corneal 
. surface, The size of the laser spot on the 
.€orneal surface was monitored visually 
_ with a stereomicroscope, and the distance 
between the eye and the laser focusing lens 
was. adjusted so that the spot size was 


For each. pulse duration, ablation was 
performed at 3 to 6 values of pulse energy 
nging from just above the ablation 
reshold to approximately 10 times 
ireshold. Pulse energies varied from a 
minimum of 0.8 uJ at 65 fs to a maximum 
of 8.1 millijoules (mJ) at 8 ns. At 100 fs to 8 
À ns and 10 or 20 Hz, eyes were ablated for as 
_ few as 16 or as many as 6000 laser shots, 
depending on pulse duration and energy. 
At 65 fs and 8 kHz, eyes were ablated for as 
1 any as 1.4 X 10° shots. Exposure duration 
Sj ypically chosen to produce an esti- 
mated excision depth of 200 to 400 um. 

ablation, eyes were fixed in 2% 
ehyde, 2.5% glutaraldehyde in 
L; sodium cacodylate buffer. After 
the corneas were dissected, post- 
F: osmium tetroxide, dehydrated, 
edded in epoxy resin (Quetol 651) 
» n Pa). Each of 
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"^ Fig P — Ablation depth per pulse as a function of the pulse energy for 
corneal. -excisions made by nanosecond (ns), picosecond (ps), and 
femtosecond (fs) lasers. The laser wavelength was 625 nm at 65 fs, 
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Fig 2.—Threshold energy for ablation as a function of pulse duration. E 
The slope of best fit line through all five points is 0.51 (dashed line). The _ 
slope is 0.46 if 8-kHz point is omitted from the fit (solid line). Perfect 


square-roct dependence of threshold energy on pulse duration would 
give a slope of 0.50. ps indicates picosecond; and uJ, microjoule. 


RESULTS 
Ablation Rates and Thresholds 


With 8-ns pulses, the threshold 
energy for ablation is 500 uJ. Ablation 
depth per pulse is 1 um at threshold 
and rises rapidly with increasing 
energy, reaching 38 um at 3.1 mJ (Fig 
1) The ablation threshold at this 
pulse duration is sharply defined. A 
suprathreshold pulse generates a 
plasma that is clearly visible as a 
flash of white light (when viewed 
through the stereomicroscope, using a 
colored glass filter to block the scat- 
tered laser light) and produces an 
ablation crater that is evident after a 
single laser shot. Subthreshold pulses 
produce no plasma and no ablation. 

With 30-ps pulses, the threshold 
energy for ablation is 50 uJ, a factor of 
10 less than at 8 ns. Further reduc- 
tions in pulse duration result in even 
lower ablation thresholds: 10 uJ at 1 
ps and 2.5 uJ at 100 fs (Fig 2). At pulse 
energies this low, the plasma lumines- 
cence is difficult to see, and the abla- 
tion depth per pulse is so small (be- 
tween 0.1 and 0.01 um) that the abla- 
tion crater becomes evident only after 
many shots. The threshold energies 
that we report for 30-ps and shorter 
pulses are therefore upper limits; 
ablation at lower energies might be 
detectable after a sufficiently large 
number of shots. 

With 65-fs pulses at 8 kHz, the 
ablation threshold is 0.8. uJ- and the 
ablation depth per pulse is less than 


0,001 um. The three-fold difference in | 
apparent threshold energy between 65 - 


and 100 fs is probably due to the large 
difference in the number of shots 
(1.4 X 10° at 65 fs vs 6000 at 100 fs) 
rather than the small difference in 
pulse duration. The 100-fold differ- 
ence in ablation depth per pulse is 
probably due, in part, to the differ- ^ 
ence in repetition rate. At 8 kHz, 
ejected material may not be able to 
travel away from the ablation region 
in the short time between pulses. 
Each pulse may be attenuated by the 
ablation debris from the previous 


pulse, and the ablation efficiency may ES 


therefore be reduced. 

Because the spatial modes of tlie 
various lasers are different and the 
focal spot sizes may not have been 
identical, comparison of the threshold 
energies at the various pulse dura- 
tions is not completely straightfor- 


ward. It is interesting to observer, 
however, that the threshold energy ^ 





for ablation varies approximately as 
the square root of the pulse duration 
(Fig 2). It is also interesting that the 
ablation-depth curves for the various 
pulse durations are all nearly parallel, 


with slopes (on a log-log scale). of o 
between 1.5 and 2 (Fig 1) ie, the 
ablation depth per pulse at a given © 









pulse duration varies as nearly the — 


square of the pulse energy. The abla- d 
tion-depth curves for 1 ps and 100 fs — 


deviate from this behavior at very low 
energies, becoming significantly less 
Steep as the ablation threshold is 
neared. These findings may prove usec. 





ful in the development of a theoretical? 
model for the ablation process. 


-Ablation with 1l-ps and shorter 
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pulses is more efficient than ablation 
with longer pulses. The energy 
required to produce a given ablation 
depth per pulse is reduced by approxi- 
mately a factor of 2 when the pulse 
duration is reduced from 30 to 1 ps 
(Fig 1). Reduction of the pulse dura- 
tion to 100 fs yields an additional 
factor of 2 increase in the ablation 
efficiency. In contrast, ablation at 8 ns 
appears to be approximately as effi- 
cient as ablation at 30 ps (although 
the threshold energy at 8 ns is much 
higher); the 30-ps ablation-depth 
curve, extrapolated to higher pulse 
energies, nearly overlaps the 8-ns 
curve. 


Excision Morphology 


At 8 ns, excision morphology at all 
pulse energies is poor. At 500 uJ the 
excision walls are very ragged, and 
isolated patches of tissue below the 
base of the excision have been ablated 
(Fig 3, top left). At 3.1 mJ, the excision 
walls are smooth on a submicron scale 
but irregular on a scale of tens of 
microns (Fig 3, top right). The abla- 
tion depth per pulse for this excision 
is 38 um, which is 10 times as great as 
the ablation depth per pulse for any 


, Other excision that we have examined 


histologically. The distortion of the 
excision walls is probably due to the 
pressures generated by the ablation of 
such large amounts of material in 
single shots. Transmission electron 
microscopy shows that significant 
damage to the tissue bordering the 
excisions is present at all pulse ener- 
gies. Denaturation and disorganiza- 
tion of collagen fibrils extend at least 
10 um from the excision edges (Fig 3, 
bottom). 

With picosecond and femtosecond 
pulses, excision morphology is greatly 
improved (Fig 4). Excision edges are 

relatively smooth and straight, with 
much less raggedness and irregularity 
than nanosecond pulses produce. 
Transmission electron microscopy 
shows that the amount of collateral 
tissue damage produced by picosecond 
and femtosecond pulses depends 
strongly on pulse energy. At energies 
an order of magnitude above the abla- 
tion threshold, the excision walls are 
extremely smooth, but denaturation 
and disorganization of collagen fibrils 
are extensive (Fig 5, top). Patches of 
denatured collagen are sometimes 
surrounded by tissue that is disor- 
ganized but not denatured. We specu- 
Mite that this pattern of tissue 
damage arises when denatured col- 
lagen is injected into the surround- 
ing, normal corneal stroma by high 
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microjoules (uJ) per pulse. Patches of tissue below the excision base have been ablated 
(arrows). Top right, Light micrograph of the excision made by 16 pulses, 8 ns, 3.1 mJ per pulse. 
Bottom left, Transmission electron micrograph of excision shown above right. Excision edge is 
smooth (arrows), but damage to the adjacent collagen is severe. Bottom right, Transmission 
electron micrograph of excision made by 120 pulses, 8 ns, 870 uJ per pulse. Collagen 
disorganization extends more than 10 um from the excision edge, although the pulse energy is 
less than twice the threshold energy (top, azure ll stain, original magnification X80; bottom, 


original magnification X5200). 


pressures produced during the abla- 
tion process. 

With picosecond and femtosecond 
pulses at energies near the ablation 
threshold, tissue damage is much less 
severe (Fig 5, bottom). Denaturation 
of collagen fibrils rarely extends more 
than 1 um from the excision edges and 
in some specimens is almost nonexis- 


tent. Disorganization of the collagen 
fibrils is slight. The excision walls, 
however, are often slightly ragged. 
The increased smoothness of the exci- 
sion walls at high pulse energies may 
be due to the increased extent of colla- 
gen denaturation; we speculate that at 
high energies the walls are smooth 
because collagen has melted. 
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Fig 4.—Light micrographs of excisions made 

by picosecond (ps) and femtosecond (fs) 
pulses. Excision edges are much less irregular 

than with nanosecond pulses. Left, 1600 
pulses, 1 ps, 50 microjoules (uJ). Right, 200 
pulses, 100 fs, 100 uJ (azure Il stain, original a 
magnification X80). 


The amount of tissue damage pro- 
duced by 30-ps pulses at 50 uJ is so 
slight (Fig 5, bottom left) that no 
additional improvements in excision 
ultrastructure result when shorter 
pulses at even lower energies are used 
(Fig 5, bottom right). In fact, light 
microscopy shows that the use of fem- 
tosecond or 1-ps pulses causes a new 
type of tissue damage to appear. With 
l-ps and shorter pulses, streaks of 
densely staining tissue, typically 20 ~ 
um long and radiating diagonally 
from the excision edges, are often 
present (Fig 6). We interpret these 
diagonal streaks, which we do not 
observe in excisions made at 30 ps or 8 
ns, as evidence of shock-wave damage. 
Diagonal cracks attributed to shock- 
wave damage have been observed in 
studies of laser-induced optical break- 
down in plastics.? 


COMMENT 


Nanosecond lasers at visible and 
near-infrared wavelengths are clearly* * 
unsuitable for corneal surgery. The 
gross morphology of the excisions is 
poor, and tissue damage is extensive 
(Fig 3). Ablation depth per pulse is 1 
um at the threshold energy and 4 um 
at less than twice the threshold 
energy (Fig 1). Very precise control of 
excision depth is therefore difficult. 

Picosecond lasers have significant 
advantages over nanosecond lasers 
for corneal ablation at visible wave- 
lengths. With 30-ps pulses, we can 
produce excisions that have almost as 
little collateral tissue damage as those 
made with excimer lasers at 193 n 
Excimer lasers produce very smooth- 
walled excisions, bordered by regions 
of denatured tissue less than 0.3 um 
wide, with no disorganization of adja- 
cent collagen fibrils.2* Picosecond 
lasers at low pulse energies produce 
excisions that are ultrastructurally 


Fig 5.— Transmission electron micrographs of 
excisions made by picosecond (ps) and fem- 
tosecond (fs) pulses. Collagen denaturation 
and disorganization are severe at high ener- 
gies (top), slight at near-threshold energies 
(bottom). Top left, 200 pulses, 1 ps, 200 
microjoules (uJ). Top right, 200 pulses, 100 
fs, 100 uJ. Bottom left, 2700 pulses, 30 ps, 50 
uJ. Bottom right, 6000 pulses, 100 fs, 5 uJ Y 
(bottom left and top left and right, original 
magnification X5200; bottom right, original 
magnification X8900). 
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Fig 6.—Light micrographs of excisions made by femtosecond (fs) pulses. Shock wave damage is 





evident (arrows). Left, 6000 pulses, 100 fs, 10 microjoules (uJ). Right, 1.4 X 10* pulses, 65 fs, 
0.8 uJ (azure Il stain, original magnification X80). 


almost as good (Fig 5, bottom left). 
With picosecond lasers, as with 
excimer lasers at 193 nm, ablation 
depth per pulse at energies near the 
“*sblation threshold is less than 0.1 um. 
Very precise control of excision depth 
is therefore possible. For these rea- 
sons, picosecond lasers merit further 
investigation as possible alternatives 
to excimer lasers for corneal surgery. 
If femtosecond laser pulses did not 
sometimes cause shock-wave damage 
(Fig 6), all of this would apply to 
femtosecond lasers as well. The shock- 
wave damage that we observe in the 
corneal stroma is rarely severe, but 
the corneal endothelium, which is 
more sensitive than the stroma to 
mechanical injury, might be more 
Seriously affected. 
` The reasons why picosecond lasers 
are superior to nanosecond lasers for 
plasma-mediated corneal ablation are 
not hard to understand. The fact that 
optical breakdown is an irradiance- 
dependent rather than a purely fluen- 
ce-dependent process—ie, the energy 
required to create optical breakdown 
increases as the pulse duration 
increases—is well known. A variation 
of threshold energy with pulse dura- 
tion similar to the square-root depen- 
dence that we observe (Fig 2) has 
previously been found in many studies 
of laser-induced breakdown.*” The 
phenomenon of plasma shielding is 
so well known: once optical break- 
down has begun, at some point during 
the laser pulse, the plasma absorbs a 
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large fraction of the energy contained 
in the remainder of the pulse.'*!8°°” 
With picosecond and femtosecond 
lasers, it is possible to create a very 
small plasma, containing little en- 
ergy, because the pulse energy 
required to achieve optical breakdown 
is so low. With nanosecond lasers, the 
smallest plasma that can be created is 
much larger and more energetic, 
because the pulse energy required for 
optical breakdown is much higher. It 
is not surprising that large, energetic 
plasmas produce more tissue damage 
than small plasmas, as well as more 
ablation.? 

The plasma-mediated abiation pro- 
cess is less well understood than plas- 
ma formation itself. Some tissue is 
probably ablated as plasma or vapor; 
other tissue is probably ejected as 
solid fragments or microscopic liquid 
droplets. The increased efficiency of 
ablation with 1-ps and shorter pulses 
(Fig 1), as well as the presence of 
shock-wave damage in excisions made 
at these pulse durations (Fig 6), sug- 
gests that the ablation mechanism 
varies with pulse duration. Some non- 
linear optical process besides optical 
breakdown may play a role in ablation 
with femtosecond and 1-ps pulses. 

It is important to distinguish 
between the modelocked pulse trains 
that commercially available picosec- 
ond ophthalmic Nd-YAG lasers 
produce (typically seven to ten 30-ps 
pulses within 30 to 50 ns) and the 
single picosecond pulses (one pulse 


every 0.1 s) that we have been discuss- 
ing. The threshold energy for ablation 
with a modelocked pulse train is likely 
to be much greater than the threshold 
energy for ablation with a single pico- 
second pulse. Excisions made with 
modelocked pulse trains, therefore, 
would probably be structurally inferi- 
or to excisions made with single pico- 
second pulses. 

Picosecond lasers may be uniquely 
suited for some intraocular proce- 
dures that cannot be successfully per- 
formed with conventional ophthalmic 
photodisruptors. In plasma-mediated 
intraocular surgery, tissue cutting 
and tissue damage are caused not only 
by the plasma itself but also by the 
shock wave and cavitation bubble that 
the plasma generates.'*'***> The size 
of the cavitation bubble and the dis- 
tance over which the shock wave prop- 
agates are much greater than the size 
of the plasma and can damage tissue 
far from the optical breakdown site. 
However, just as the plasma can be 
made smaller and less energetic by 
the use of shorter pulses, so can the 
cavitation bubble and shock wave. In 
this way, spatial confinement of tis- 
sue damage caused by intraocular 
breakdown can be greatly improved. 
We discuss this matter in detail else- 
where. 

The intraocular application of pico- 
second lasers that appears most 
promising to us is noninvasive vitre- 
ous surgery. When nanosecond lasers 
are used to create optical breakdown 
within 3 mm of the retina, choroidal 
hemorrhage often occurs, in addition 
to nonhemorrhagic retinal lesions.?*?? 
The utility of nanosecond Nd-YAG 
lasers in cutting vitreous membranes 
close to the retina is therefore limited. 
The retinal and choroidal damage 
may be due to shock waves and cavita- 
tion or to the absorption of laser light 
by the retinal pigment epithelium. 
With picosecond lasers at pulse ener- 
gies just above the ablation threshold, 
the shock wave and cavitation bubble 
should be much smaller and less dam- 
aging than with nanosecond lasers, 
and the fluence at the retina should be 
much lower. With these lasers, there- 
fore, it may be possible to cut vitreous 
membranes very close to the retina 
without retinal or choroidal injury. 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


DESCRIPTION: Pred-G Liquifilm sterile ophthalmic suspension is a topical anti-inflam- 
matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17,21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
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sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
streptococci, Streptococcus pneumoniae, Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coli, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0.3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5 mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (104°F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 
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free call will get you AMA membership infor- 
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free directory. There's no obligation, so 

call today! 


1-800-AMA-4235 
EXTENSION 21 


Or write to the American Medical Association, 
Division of Membership, in care of PO. Box 8930, 
-e Madison, WI 53708-8930. 
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spontaneous Carotid Cavernous Fistula Presenting 
With Acute Angle Closure Glaucoma 





Fig 1.—Slit beam demonstrates a shallow anterior chamber. Fig 4.— Slit beam demonstrates postoperative deepening of the < 
rior chamber. 


Fig 2.—Computed tomographic scan shows dilated superior ophthal- Fig 3.—Hemorrhagic choroidal detachment (white arrow) and dil 
mic vein (black arrow), choroidal detachment (white arrow), and superior ophthalmic vein (black arrow) are seen on T,-weig 
anterior lens displacement. magnetic resonance imaging scan. 
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79-year-old man suddenly developed 

decreased vision, pain, proptosis, and 
redness in his left eye. Visual acuity was 
20/30 OD and 20/80 OS. He had an afferent 
pupillary defect, 5 mm of proptosis, 
marked conjunctival chemosis and hyper- 
emia, and anterior chamber shallowing of 
the left eye (Fig 1). Choroidal detachments 
were present temporally and inferiorly in 
the left eye, and on gonioscopic examina- 
tion, the angle was closed 360°. Intraocular 
pressures (IOPs) were 12 mm Hg OD and 
40 mm Hg OS. 

A computed tomographic scan demon- 
strated a dilated left superior ophthalmic 
vein, choroidal detachments, and an ante- 
riorly displaced lens iris diaphragm (Fig 
2). Magnetic resonance imaging addition- 
ally documented a suprachoroidal hemor- 
rhage (Fig 3). A diagnosis of spontaneous 
carotid cavernous sinus fistula (CCSF) 
with hemorrhagic choroidal detachment 
and secondary angle closure was made. 
Treatment consisted of timolol maleate, 
atropine sulfate, and acetazolamide. 

One week later, 180? of the angle had 
developed peripheral anterior synechiae. 
The choroidal detachments were drained 
via an inferonasal sclerostomy. Dark sero- 


1. Newton TH, Hoyt WF: Dural arteriovenous 
shunts in the region of the cavernous sinus. 
Neuroradiology 1970;1:71-81. 

2. Phelps CD, Thompson HS, Ossoinig KC: The 
diagnosis and prognosis of atypical carotid cav- 
ernous fistula (red-eyed shunt syndrome). Am J 
Ophthalmol 1982;93:423-436. 
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sanguineous fluid was recovered from the 
suprachoroidal space, and the anterior 
chamber deepened to normal phakic depth 
intraoperatively. 

Three weeks later, visual acuity 
improved to 20/30 OS and the IOP fell to 13 
mm Hg without ocular medications. The 
anterior chamber was deep (Fig 4), and the 
choroidal detachments had resolved. 


COMMENT 


Spontaneous CCSFs are usually 
related to abnormal communications 
between dural branches of the inter- 
nal and external carotid arteries and 
the cavernous sinus.' Ocular manifes- 
tations result from transmission of 
elevated venous pressure from the 
cavernous sinus to the orbit via the 
superior ophthalmic vein and its trib- 
utaries. Dilated episcleral and con- 
junctival vessels, proptosis, and 
increased IOP due to elevated epi- 
scleral venous pressure are character- 
istic findings.’ 

Venous stasis within the vortex 
veins leading to choroidal transuda- 
tion is the proposed mechanism of 
choroidal detachment in CCSFs? We 


References 


3. Guerry D, Harbison JW, Weisinger H: 
Bilateral choroidal detachment and fluctuating 
proptosis secondary to bilateral dural arteriove- 
nous fistulas treated with transcranial orbital 
decompression with resolution: Report of a case. 
Trans Am Ophthalmol Soc 1915;13:64-13. 

4. Scheie HG, Morse PH: Shallow anterior 


speculate that fragile, engorged long 
posterior ciliary veins may have rup- 
tured during the evolution of a choroi- 
dal detachment and resulted in the 
suprachoroidal hemorrhage. Choroi- 
dal detachments may  anteriorly 
rotate the ciliary body, shallowing the 
anterior chamber. In this patient, 
further angle closure was prevented 
by drainage of the suprachoroidal 
space. 

Spontaneous CCSFs often present 
characteristically, although the clini- 
cal appearance of low-flow fistulas 
may be subtle. Choroidal detachment 
and secondary angle closure are 
uncommon findings, but may be 
explained by the underlying hemody- 
namic abnormality. 

DELYSE R. Buus, MD 

DaviD T. Tse, MD 

RICHARD K. PARRISH II, MD 
Miami 
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chamber as a sign of nonsurgical choroidal 
detachment. Ann Ophthalmol 1974;6:317-319. 

5. Harris GJ, Rice PR: Angle closure in carotid 
cavernous fistula. Ophthalmology 1979;86:1521- 
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Polymorphic Amyloid Degeneration 


Recently, a 75-year-old man was exam- 
ined for progressive visual loss, more 
marked in the left eye than the right eye. 
The patient had undergone an extracapsu- 
lar cataract extraction with insertion of a 
posterior chamber intraocular lens in the 
left eye 4 years earlier with no improve- 
ment in vision. Visual acuity was 20/80 OD 
and 20/200 OS. The slit-lamp examination 
showed dotlike corneal opacities consistent 
with polymorphic amyloid degeneration 
centrally and Salzmann’s nodular degener- 
ation in both eyes (Fig 1). The left eye also 
showed central corneal haze, with epitheli- 
al and stromal edema. Uncomplicated pen- 
etrating keratoplasty was performed on 
the left eye 2 months later. The microscop- 
ic examination revealed scattered stromal 
amyloid deposits, particularly posteriorly, 
that stained with Congo red and showed 
dichroism (Figs 2 and 3). A peripheral 
collagenous subepithelial nodule was » 
present (Fig 2). Electron microscopy dis- 
closed randomly oriented 10- to 12-nm 
filaments of amyloid between areas of 
stromal collagen. 





Fig 1.—Salzmann’s peripheral nodular degeneration (arrow) and paracentral and central 
filamentous and dotlike opacities in the left eye. COMMENT 


Polymorphic amyloid corneal de- 
generation occurs in older individuals 


P" l and is associated with bilateral, non- 
Fig 2.—Fusiform stromal amyloid deposits Fig 3.—Dichroism of the corneal amyloid (Con- hereditary amyloid deposits.!? These 


(Congo red stain, original magnification X60). go red stain, original magnification X60). d ep osits involve all levels of the stro- 


n ma, particularly posteriorly, as in our 
es RCM Xn s patient. In contrast, lattice corneal 
: : esce dystrophy, an autosomal dominant 
heritable disease, occurs in younger, 
individuals and frequently involves $ 
the superficial half of the cornea? Our 
patient had a nonhereditary form of 
amyloid degeneration associated with 
Salzmann's nodular degeneration. 
VERINDER S. NIRANKARI, MD 
MERLYN M. RopnRiGUES, MD, PHD 
SANKARAN RAJAGOPALAN, MD 
DONNA BROWN 
Baltimore, Md 
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Tarsoconjunctival Flap for 







- Reconstruction of large, full-thick- 
us ness upper eyelid defects is a challenge 
to the ophthalmic plastic surgeon. Ideally, 
the defect should be reconstructed with 
© tissues similar or identical to those that 
... have been lost. We present a procedure 
^. similar to the Hughes tarsoconjunctival 
^^ flap technique for lower eyelid recon- 
. Struction. However, our technique was 
sed for upper eyelid reconstruction. A 
inant of tarsus at least 3 mm wide must 
vailable to be advanced inferiorly in 
pper eyelid. We have performed this 
rocedure on 13 patients over ten years 
77 to 1987) with good to excellent 
results. 
^" (Arch Ophthalmol 1989;107:599-603) 












Re econstruction of full-thickness up- 
per eyelid defects presents a chal- 
—,. enge to the surgeon. The greater 
^. mobility required of the upper eyelid, 
its) role in protecting the globe and 

venting corneal exposure, and the 
-amount of tarsal tissue avail- 
for sharing from the lower eyelid 
bine to pose reconstruction dif- 











When faced with a defect involving 
ie upper eyelid, the surgeon must be 
‘concerned with replacing both the 
anterior lamella (skin, orbicularis) 
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. Upper Eyelid Reconstruction 


David R. Jordan, MD; Richard L. Anderson, MD; Thaddeus S. Nowinski, MD 


and posterior lamella (tarsus, con- 
junctiva). The reconstructed eyelid 
must also satisfy a broad range of 
anatomical requirements. 

In the ideal situation, the upper 
eyelid defect would be reconstructed 
with tissues similar or identical to 
those that have been lost. Many tech- 
niques have attempted this.'* 

In 1937, Hughes’ described a meth- 
od for reconstructing the lower eyelid 
based-on the formation of a tarsocon- 
junctival advancement flap from the 
upper eyelid. This flap served as the 
new posterior lamella in the lower 
eyelid. The anterior lamella was sup- 
plied by a skin graft or flap. The 
procedure has been modified with 
time,'^" but the concept of an upper 
eyelid tarsoconjunctival flap for lower 
eyelid reconstruction remains the 
same. 

Over the past ten years (1977 to 
1987), one of us (R.L.A.) has utilized a 
technique similar to the Hughes tar- 
soconjunctival flap procedure to 
reconstruct selected defects involving 
the central upper eyelid. This tech- 
nique was developed to reconstruct 
upper eyelid defects with at least a 
3-mm remnant of superior tarsal 
margin. The remaining superior tar- 
sal remnant is advanced as a tarso- 
conjunctival flap to form the posterior 
lamella of the upper eyelid margin, to 
recess Miiller’s muscle and levator 
aponeurosis, and to advance place- 
ment of a myocutaneous flap or a skin 
graft over the tarsoconjunctival flap. 

This procedure is limited to upper 


s eyelid defects involving the margin, 
— where at least 3 mm of upper tarsus 


remains. The central upper lid tarsus 


is 10 to 12 mm in height, which makes 
^. this technique ideal for defects in the 





























margin of the central upper eyél 
Most eyelid tumors arise in the sk 
the eyelid margin, and, while 
may involve the anterior lamella t 
height greater than 1 em, the. super 
portion of the posterior lamella of 
upper eyelid is not involved and ea 
preserved in most cases. Th 
vation of posterior lamellar 
facilitated by the Mohs' mic 
technique of tumor remov 
conserves valuable reconstri 
sues while providing the be 
rates for difficult eyelid tumo 


PATIENTS AND "Sis: 
Patients WS 





Thirteen patients with upper- e 
defects following Mohs' technique, w 
involves fresh-tissue excision of eyeli 
tumor and frozen  section-controlle 
removal of tumor or traumatic loss, wh 
had at least 3 mm of central upper tarsa 
plate remaining (Fig 1), had their eyelid 
reconstructed using our technique. The siz 
of the defects ranged from 13 to 26 mm i 
length. All patients underwent eyeli 
reconstruction between January 1977 a 
January 1987, and were followed up fo 
minimum of nine months after surgery. 


Surgical Technique — i 


Following the application of topical 1% 
tetracaine hydrochloride drops on the cor-. 
nea, subcutaneous and subconjunctiva 
infiltration with 2% lidocaine hydrochlo 
ride and 1:100000 epinephrine hydrochlo 
ride solution is given. The central upper 
eyelid remnant of tarsus at the superior 
edge of the eyelid defect is freed by sharp. 
and blunt dissection from the overlying 
tissue. A vertical incision at the medial an 
lateral edges of the defect is directed supe- 
riorly through the tarsus and conjunctiva 
to free the superior tarsal remnant (Fig 2 
The levator aponeurosis is carefully d 
sected away from the anterior surface 
the tarsal remnant and recessed. superior 


Tarsoconjunctival re er et im (se 





Fig 1.—Left, Patient with pigmented lesion on left upper lid that was removed and diagnosed as pigmented basal cell 
carcinoma. Right, Full-thickness defect in central-medial portion of lid, with only remnant of tarsus along superior border of 
defect, remains after tumor removal. 





Fig 2.— Vertical incisions at medial and lateral edges of defect are Fig 3.—Levator aponeurosis and Müller's muscle are dissected away 
carried out so that superior tarsal remnant (arrow) can be mobilized from tarsus and conjunctiva and recessed superiorly. 
downward. 





Fig 4.—Tarsal remnant (arrow) is advanced inferiorly. Fig 5.—Tarsoconjunctival flap is sutured into position. 
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Fig 6.—Left, Myocutaneous flap is mobilized above defect. Right, Myocutaneous flap has been advanced and sutured into 
position. 


^ 





Fig 7.— Top left, Central upper lid defect is shown with remnant of 
tarsal plate present superior to defect (arrow). Top right, Tarsus is 
squared off and advanced inferiorly after recessing levator and 
Müller's muscle. Bottom, Once posterior lamella is secured, free 
skin graft from opposite eyelid is sutured into position for anterior 
lamella. 





"I Fig 8.—Patient shown in Figs 1 through 6 is shown at six months after 
ERE surgery. 
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ly (Fig 3 This is fac itated iby infiltrating 
: local anesthesia into the plane between the 
< aponeurosis and Müller's muscle. 
< The next step involves recessing Müller's 
. muscle from the superior tarsal border. 
` Dissection is facilitated by infiltrating the 
: local anesthesia in the space between Miil- 
- ler's muscle and the conjunctiva. The leva- 
tor aponeurosis and Müllers muscle 
: should be completely freed from the con- 
. junetiva and maximally recessed (10 to 15 
: mm) when only a small remnant of tarsus 
; remains. If only a few millimeters of tar- 
sus is missing, then less recession is 
- required. We have found that overreces- 
E X the levator and Müller's muscle is 
rly impossible, as the levator has 
ments to the tarsus medially and to 
lefect laterally, and lid retraction is a 
| greater concern. 
arsal remnant is now advanced 
with only its attached conjuncti- 
8 Superior relaxing incisions in 
conj ictiva (at each end of the tarsal 
nt) may be required at this stage. 
he tarsoconjunctival advancement flap i is 
-now ready to be sutured to the remaining 
. lid stumps medially and laterally. Usually 
he tarsoconjunctival flap is shortened 
ghtly to correct upper eyelid laxity (if 
)resent), to reduce the portion of the 
constructed eyelid that will not have 
^lashes, and to help avoid upper eyelid 
“retraction in the reconstructed area. If 
- there is a defect with complete loss of the 
tarsus medially, a lateral canthotorny, 
superior cantholysis, and temporal eyelid 
. advancement can be used to mobilize tem- 
poral eyelid tissue medially. The tarsal 
.remnant is then sutured to the medial 
: eyelid stump or the medial canthal tendon 
. (Fig 5). 
. We prefer the use of 5-0 chromic catgut 
.Sutures to secure the tarsoconjunctival 
ap to surrounding tissues. These sutures 
should be passed through the tarsal plate 
^on a spatula needle with a partial-thick- 
ness pass to avoid corneal irritation. If 
medial and/or lateral eyelid stumps 
“remain, the tarsoconjunctival flap is 
-mitered between the split anterior and 
` posterior lamella as is done in a lower lid 
.reconstruction with a Hughes tarsocon- 
< junctival flap. 
:;. Once the posterior lamella (conjunctiva 
and tarsus) has been reconstructed in this 
"fashion, the anterior lamella is usually 
reconstructed using a  myocutaneous 
“advancement flap from adjacent excess 
eyelid tissues.” Since most tumor recon- 
-structions are performed in older patients 
with excess upper eyelid skin and muscle, 
.enough tissue for a myocutaneous flap is 
usually available. 
. Skin and muscle are undermined imme- 
-diately above the defect (Fig 6, left). 
Relaxing incisions are made in the skin 
-and muscle on either side of the tarsal flap, 
and the myocutaneous flap is advanced 
 inferiorly into position (Fig 6, right). If an 
insufficient amount of skin is present, a 
muscle flap ean be used to cover the tarsal 
flap, followed by a free skin graft. Howev- 
. er, since the tarsoconjunctival flap has its 
own blood supply, a free skin graft can be 
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placed directly on the tarsus and the con- 
junetiva in the upper lid reconstruction 
(Fig 7). 

Át the conclusion of the procedure, an 
antibiotie-steroid ointment is placed in the 
eye, and a firm pressure dressing is applied 
for several days. 


RESULTS 


We have performed this technique 
on 13 patients over the past ten years, 
with a minimum follow-up of nine 
months; the patient illustrated in Figs 
1 through 6 is shown at six months 
after surgery in Fig 8. Eleven patients 
had basal cell carcinoma, and one had 
squamous cell carcinoma. They had 
their tumor removed by either the 
Mohs’ fresh-tumor excision or frozen 
section-controlled monitoring. One 
patient lost the marginal portion of 
the upper eyelid as the result of a 
dog-bite injury. 

The defects were all located central- 
ly or medially, with a remnant of 
superior tarsal tissue at least 3 mm in 
height and some normal lateral eyelid 
tissue remaining. In those with an 
absence of medial tarsal tissue, a can- 
thotomy, a eantholysis, and temporal 
advancement were used to move tar- 
sal tissues medially. A sliding myocu- 
taneous flap was used to reconstruct 
the anterior lamella in ten patients, 
while a free skin graft from the oppo- 
site upper eyelid was used in three 
patients. 

The postoperative problems were 
minor. It was not uncommon to see 
superficial punctate keratitis central- 
ly and superiorly in the first few 
postoperative days. Three patients 
had corneal irritation lasting one to 
three months that required artificial 
tears and lubricating ointment. This 
condition was the result of eyelid 
retraction and decreased tear produc- 
tion. This was self-limiting in one 
patient, and required eyelid retraction 
repair in two patients. 

On follow-up examination, cosmesis 
was judged by the surgeon and the 
patient to be good to excellent in ten 
cases, and satisfactory in three cases. 
Absence of lashes in the reconstructed 
segment was the only cosmetic defor- 
mity in most patients. Functional 
results in all 13 cases were felt to be 
excellent by both the physician and 
the patient. 


COMMENT 


Defects in the upper eyelid follow- 
ing tumor removal or trauma can be 
challenging to reconstruct, because 
the reconstructed lid must satisfy sev- 
eral anatomical requirements. The 
eyelid must be of sufficient size to 





cover the cornea during sleep, yet 
must be capable of satisfactory eleva- 
tion so that it will not obstruct the 
pupil when open. It must have muscu- 
lar power to open and close, yet be 
thin and light enough to move almost 
effortlessly. It must be lined with a 
smooth mucous membrane to avoid 
corneal irritation, and protect and 
lubricate the eye. It must be rigid 
enough to retain its shape, yet flexible 
enough to mold to the curvature of the 
anterior cornea. A stable lid margin is 
essential to prevent skin and lashes 
from rolling onto the cornea, and to- 
avoid notching, buckling, or irregular- = 
ity of the contour. In the upper eye- 
lid, it is particularly important to 
fill the defect with tissue that is ana- 
tomically similar to the lost tissue, 
that is, both anterior and posterior 
lamella. 





The most commonly used procedure i 
to repair central upper eyelid defects 
involving one third or less of the eye- ~ 
lid (where a temporal portion of the ~ 
eyelid is still available) involves direct ^ 


closure of the defect, or a temporal 
advancement of remaining tissue.'5* In 
both of these procedures, the defect is 
repaired with normal or adjacent 
upper eyelid tissue. 

For larger defects, free tarsal grafts 


from the opposite upper eyelid with ™ 


an overlying myocutaneous flap,’ 
tarsal rotational flap,* or a composite 
eyelid graft can be used.*’ The Cutler- 
Beard? procedure may be required to 
reconstruet complete or nearly total 
full-thickness eyelid defects. p 
We prefer to avoid potentially dam- A 


aging operations on normal eyelids ^ 


for fear of compromising their func- .. 
tion. In some instances, one has no — 


choice but to obtain tissue from nor- _ 


mal lids. For these reconstructive pro- 
cedures we attempt to use the remain- 
ing portions of the involved eyelid 


whenever possible. Otherwise, we try «| 


to use only excess tissues, such as skin 
grafts, from normal eyelids. 

Qur technique utilizes remaining 
upper eyelid tarsus and conjunctiva to 
reconstruct the posterior lamella. The 
anterior lamella is replaced by a myo- 
cutaneous advancement flap. Fox" 
described a somewhat similar proce- 
dure. However, in addition to advanc- 
ing the superior remnant of tarsus 
and conjunctiva, he advocated split- 
ting the lower lid into an anterior and 
posterior lamella, and formed a tarso- 
conjunctival flap from the posterior 
lamella of the lower eyelid. This flap 
was then advanced into the upper. 
eyelid defect to meet the tarsocon- 7 
junctival flap formed from the superi- 
or eyelid. The two flaps were then 
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d t together, and the PUMA was 
dnd lids were then opened at a 


















E e upper Halide The visual 
> Axis is not obstructed with our tech- 





* single-stage reconstructive 
ure for upper eyelid defects has 
us advantages. One is simplic- 
ce it eliminates the need for 
onal surgeries to harvest tarsal 
tes (from other eyelids, or 
r ear tissue) and avoids the use 
tal flaps for anterior lamella 
onstruetion. The tarsoconjunctival 
ap retains the tarsus and conjuncti- 
a as the posterior lamella, which are 
more physiologie tissues than carti- 
lage, nasochondral mucosa, or other 
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tarsal substitutes. It avoids complica- 
tions to normal, uninvolved eyelids. 
Our procedure also eliminates the 
need to close the visual axis, an espe- 
cially important consideration in 
monocular patients. A secondary pro- 
cedure is not required, and the tech- 
nique can be carried out easily, with 
the patient under local anesthesia. 
The only requirement of this tech- 
nique is that a remnant of superior 
tarsus 3 mm in height be available to 
be advanced inferiorly as a new eyelid 
margin. When the upper eyelid tarso- 
conjunctival flap is combined with 
other techniques, such as lateral can- 
thotomy, cantholysis, temporal eyelid 
advancement, and myocutaneous 
flaps, many marginal upper eyelid 
defects can be reconstructed with 


excellent results without violating 


other eyelids or requiring distant tis- 
sues that give a poor functional and 
cosmetic result. 

We emphasize that Miiller’s muscle 
and the levator aponeurosis need to be 
maximally recessed in patients with 
narrow tarsal remnants to avoid lid 
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The Lateral Tarsal Strip Revisited — 





The Enhanced Tarsal Strip 


David R. Jordan, MD, Richard L. Anderson, MD 


€ The lateral tarsal strip procedure 
‘was originally designed for the treatment 
-of upper and lower eyelid laxity, or lateral 
Ccanthal tendon laxity or malposition. 
. Despite the excellent results with a stan- 
dard tarsal strip procedure for those eye- 
lids with laxity and excess skin, we have 
encountered a number of patients with 
lower eyelid or canthal malpositions or 
both who would benefit from a tarsal 
strip, but who do not have lax tissues 
(especially skin), and may in fact have a 
shortage of skin. These include cases of 
lower lid retraction or canthal malposition 
following trauma, biepharoplasty, or other 
operations, and patients with tendency 
toward or having cicatricial ectropion. 
Any anterior lamella removal in such 
patients would aggravate the lid malposi- 
tion and weaken the lateral canthal tis- 
sues to be sutured. We suggest a modifi- 
cation of the tarsal strip (developed by 
one of us [R.L.A.]} to treat many such 
patients without requiring additional ante- 
rior lamella (skin graft) or more formida- 
ble procedures. We refer to this technique 
as the “enhanced tarsal strip” technique, 
and we use this technique more frequent- 
ly than the original tarsal strip proce- 
dure. 

(Arch Ophthalmol 1989;107:604-606) 


he tarsal strip as originally 
described by Anderson and Gordy! 
. was designed for the treatment of 
- paralytic or involutional upper and 
lower eyelid laxity and lateral canthal 
tendon laxity or malposition. It was 
also found to be useful in elevating the 
canthus and effectively deepening the 
fornix while tightening lax eyelids in 
surgically anophthalmie sockets.’ 
Lateral canthal tendon laxity is the 
primary problem in the majority of 
lax eyelids, and eyelid tightening with 
stabilization using the lateral tarsal 
- Strip corrects this deformity. The 
-- midtarsal portion of the eyelid, which 
: Is usually resected in traditional lid- 
- shortening procedures, is seldom elon- 
gated, and recurrences of laxity (as 
well as a rounded canthal angle) may 
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result, secondary to further stretch- 
ing of lax tendons. 

Advantages of the original tarsal 
strip procedure included the follow- 
ing: (1) surgery directed at correcting 
the anatomic defect; (2) used no mar- 
ginal lid sutures, which eliminates the 
danger of lid notching; (3) less eyelid 
tissue removed, preserving baseline 
tear production; (4) phimosis avoided 
(and, in fact, some eyelids can be 
lengthened); (5) canthal malposition 
and lid shortening corrected simulta- 
neously; (6) recurrence of canthal ten- 
don laxity and elongation that may 
occur after traditional shortening 
procedures is reduced; (7) procedure 
can be performed quickly; (8) al- 
mond-shaped canthal angle is pre- 
served; and (9) use of synthetic 
devices, tarsorrhaphy, or both for the 
management of most cases of cranial 
nerve VII palsy is avoided. 

Despite the excellent results with a 
standard tarsal strip procedure for 
eyelids with laxity and excess skin, we 
encountered a number of patients 
with lower eyelid or canthal malposi- 
tions or both who would benefit from 
a tarsal strip-type procedure, but 
were "short" on tissue—the excess 
tissue required for shortening with a 
standard tarsal strip, especially skin, 
was absent. We also encountered 
many individuals with a shortage of 
tissues, such as "round eye" following 
blepharoplasty, lower eyelid retrac- 
tion, lateral canthal malposition, or 
cicatricial ectropion, where any tis- 
sue-shortening technique might ag- 
gravate their lid position and weaken 
the tissues to be sutured. 

With the following modification of 
the lateral tarsal strip developed by 
one of us (R.L.A.), which we call the 
“enhanced tarsal strip” (ETS), we 
have been able to treat many patients 
without requiring additional anterior 
lamella (skin graft) or more formida- 
ble procedures. We advocate a full- 
thickness closure (involving skin as 
well) in the ETS to help support any 
tension on the anterior lamella, to 
avoid a tenting or hooding of skin at 
the lateral canthus, and to position 
the lateral canthus more posteriorly 
with a firm attachment inside the 
lateral orbital rim. This provides a 
sharp lateral canthal angle and 
strengthens the closure. 

The ETS stabilizes the lid at the 


ening. I aea a with ia mild to 
moderate eyelid laxity, suturing the 
temporal edge of tarsus inside the 
lateral orbital rim provides adequate 
tightening without removing tissues. 
We do not form an anterior lamella- 
free tarsal strip to attach inside the 
lateral orbital rim, but we get the 
same (or even greater) effect in these 
cases with the ETS. 


REPORT OF A CASE 


A 38-year-old woman presented for 
assessment of eye irritation, lateral can- 
thal deformity, and left lower lid retrac- 
tion (Fig 1). Two years previously, she had 
undergone a lower lid blepharoplasty by 
another physician. Postoperatively, both 
lower lids were retracted, with the left 
lower lid much worse than the right. She 
had undergone a small skin graft to the 
left lower lid, which only partially im- 
proved her condition. She also complained 
of lateral canthus blunting, a round eye 
appearance, and shortening of the palpe- 
bral fissure length. 

On physical examination, both lower lids 
were retracted inferiorly, the left more 
than the right. The anterior lamella (skin 
and muscle) was tight, and the posterior 
lamella (tarsus and conjunctiva) was not 
lax. Lagophthalmos, 2 mm, was noted, and 
inferior corneal exposure was present on 
the left lid. Results of the remainder of the 
ocular examination were unremarkable. 

It was our assessment that the lid 
retraction was secondary to a short anteri- 4. 
or lamella and temporal tissue scarring. 
After discussing the alternatives for cor- 
recting this abnormality and another skin 
graft, the patient requested the ETS proce- 
dure in an attempt to avoid further skin 
grafting. The technique for the ETS on her 
lower left lid is described and illustrated. A 
similar procedure was performed on the 
right lower lid. 


SURGICAL TECHNIQUE 


Topical tetracaine hydrochloride is used 
for corneal and conjunctival anesthesia. A 
combination of 2% lidocaine hydrochloride 
and 1:100000 epinephrine hydrochloride is 
injected subcutaneously over the lateral 
canthal tendon and then deeper over the, 
lateral orbital rim. The same local anes- ” 
thetic is injected into the subconjunctival 
and subcutaneous spaces of the lateral 
lower lid. 

A lateral canthotomy extending to the 
lateral orbital rim is made (Fig 2, top left). 
The lateral aspect of the lower lid is ele- 
vated with a forceps, and a cantholysis is 
performed by incising the inferior crus 
attachments of the lateral canthal tendon 
to the lateral lower eyelid (Fig 2, top 
center). An incision through conjunctiva 
and the temporal lower eyelid retractors is 
made immediately below the tarsal plate 
in the temporal portion of the eyelid (Fig 2, 
top right). This frees the temporal tarsal 
plate attachments so that the temporal 
lower lid can be freely mobilized. If sear- 
ring is present more centrally in the lower. 
eyelid, undermining of skin or incising scar 
bands can be performed by slipping Ste- 
vens’ scissors more medially under skin or 
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anterior lamella via the temporal edge of 
the disinserted lower eyelid. 

In the original tarsal strip procedure, 
the next step would be the separation of 
the anterior and posterior lamella. A strip 
of tarsus would then be fashioned by trim- 
ming off the mucocutaneous junction supe- 
riorly. Once having fashioned the tarsal 
strip, it was subsequently shortened by the 
appropriate amount, the conjunctival sur- 
face scraped, and then it was reanasto- 
mosed to the inside wall of the lateral 
orbital rim. The anterior skin and muscle 
were then excised and the skin edges 
sutured. 

No lid splitting is performed in the ETS 
technique, and no anterior lamella is 
removed. After disinserting the temporal 
lower lid retractors, the freely mobile tem- 
poral lower lid is grasped with tissue for- 
ceps, and a No. 15 Bard-Parker blade is 
used to scrape conjunctiva from the tempo- 
ral tarsal plate (Fig 2, center left). Scrap- 
ing the epithelium from the lid in this area 


is important to help obtain a firm adhesion 
and prevent epithelial inclusions in the 
area of the new lateral canthus. Scissors 
are then used to excise the mucocutaneous 
lid margin for 2 to 3 mm (Fig 2, center). A 
4-0 polyglactin 910 suture on a small, 
strong, semicircular needle is then passed 
through the full thickness of the lateral 
lower lid (ie, skin, muscle, and tarsus) (Fig 
2, center right). A polydioxanone (PDS) 
suture (which will last for several months) 
or a permanent suture (which requires 
removal) on a similar needle may be used if 
desired. The needle is passed through peri- 
osteum along the inside aspect of the later- 
al orbital rim superior to the lateral can- 
thal tendon insertion, obtaining a firm bite 
of periosteum. After engaging periosteum, 
the strong semicircular needle is gently 
rotated with the needle holder to make the 
periosteal pass rather than attempting to 
force the needle into the bone (which risks 
bending or breaking the needie). 

When the needle presents anteriorly as 


Fig 1.—Patient with lower eyelid retraction after previous blepharoplasty. Left lower lid is more 
retracted than right, with only minimal eyelid laxity and marked shortage of skin bilaterally. Patient 
had undergone prior skin graft to left lower eyelid. 
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it comes out of periosteum, it is regrasped 
in the needle holder and passed through 
the appropriate area in muscle and skin 
above the canthotomy incision. After pre- 
placing two or three similar sutures, they 
are tied firmly. This reattaches the lateral 
lid to the orbital rim and positions the 
entire lid posteriorly and superiorly. This 
suture technique through skin and muscle 
results in a deep fixation of anterior tis- 
sues at the lateral canthus (Fig 2, bottom). 
This deep fixation of skin at the lateral 
canthus diminishes once the suture 
absorbs, and this deep fixation is a func- 
tional and cosmetic advantage rather than 
a detriment. This suturing technique gives 
rise to a sharp lateral canthal angle, avoids 
hooding of skin at the lateral canthus, and 
facilitates placement of the anterior lamel- 
la further posteriorly than one can achieve 
when the anterior lamella is separated 
from posterior lamella (as in the original 
tarsal strip procedure) (Fig 3). 

The small, strong half-circle needle is 
essential for making the periosteal pass. 
Weaker needles may bend or break, and 
larger needles with lesser curvature can- 
not be easily rotated through the perioste- 
al pass. The suture is placed to obtain a 
slightly higher positioning of the lateral 
canthus and tighter eyelid than desired 
after healing. The more inferior tension on 
the eyelid, the more the surgeon should 
attempt to overcorrect the canthal position 
at surgery. The tissues will stretch to some 
degree during the healing phase. 

There may be some irritation and reac- 
tion around the full-thickness sutures at 
the lateral canthus after several weeks. 
Some reaction helps create a firm union of 
the tissues. The 4-0 polyglactin 910 suture 
can be removed after several weeks when 
healing has occurred if excess tissue reac- 





Fig 2.— Top left, Lateral canthotomy performed. Top center, Lower crus of lateral canthal tendon 
is cut. Top right, Conjunctiva and retractors are removed from inferior edge of lateral tarsal plate. 
Center left, Epithelium is scraped away from lateral tarsal plate. Center, Scissors are used to 
remove mucocutaneous lid margin laterally. Center right, Semicircular needle is passed through 
entire thickness of lateral lid. Bottom, Lateral canthal sutures have been tied firmly, resulting in 
deep fixation of skin. Note overcorrection in height of lateral canthus and tightness of eyelid. 
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Fig 3.—Patient shown six months after enhanced tarsal strip. Lower lids are improved over 
preoperative position without further skin grafting. 


tion or discharge is present. Otherwise, the 
sutures are allowed to absorb. Postopera- 
tively, we use an antibiotic-steroid oph- 
thalmic ointment daily for one week. 


RESULTS 


One of us (R.L.A.) has used the ETS 
technique in over 250 eyelids since 
1983 and has found it to be useful for 
the correction of many eyelid or can- 
thal malpositions. It is also useful in 
association with many other proce- 
dures, such as lower lid retractor rein- 
sertion for entropion, retractor reces- 
sion for lower eyelid retraction, skin 
grafts or flaps, and tightening the 
lower lid at blepharoplasty or follow- 
ing myectomy for blepharospasm. The 
ETS procedure has replaced the stan- 
dard tarsal strip in most of our cases, 
and we and our patients have been 
pleased with both the functional and 
cosmetic results (Fig 3). 

The complications associated with 
the procedure have been few. The 
most common complaint from pa- 
tients has concerned tenderness or 
mucus discharge at the lateral can- 
thal region. This condition, which is 
chiefly due to an inflammatory 
response associated with the 4-0 poly- 
glactin suture, disappears when the 
stitch absorbs or is removed. 

Pyogenic granuloma formation, su- 
ture abscess, and wound dehiscence 
have been rare. Pyogenic granuloma 
is easily removed. If wound dehiscence 
occurs, resuturing is required. A 
suture abscess is corrected by suture 
removal or hot packs. The patient 
should be cautioned not to excessively 
rub or stretch the tight eyelid in the 
immediate postoperative period. 

The most common cause of recur- 
rent ectropion or lower lid retraction 
following the ETS procedure has been 
an extreme shortage of skin. Some 
patients require an additional skin 
graft or flap. 


COMMENT 


The original tarsal strip procedure 
remains ideal for tightening and repo- 
sitioning eyelids with moderate to 
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marked laxity and excess skin. The 
main complication associated with the 
original tarsal strip procedure was a 
tendency for some surgeons to exces- 
sively shorten the tarsal strip, remove 
too much skin, or both. This may be 
partially due to the illustrations in 
our original description, where a lax 
eyelid was surgically demonstrated.’ 

We have found that even a moder- 
ately lax eyelid can be corrected by 
the ETS technique. The greatest 
amount of laxity in lower lids is in the 
stretched lateral canthal tendon. By 
suturing the temporal edge of tarsal 
plate inside the lateral orbital rim 
with the ETS technique, the eyelid is 
usually adequately tightened in 
patients with mild to moderate laxity. 
If eyelids are excessively tightened or 
shortened, they are pulled inferiorly 
below the cornea to avoid passing over 
the more anterior prominence of the 
eye, thus inducing lower lid retrac- 
tion. This is especially true in patients 
with exophthalmos. The ETS proce- 
dure is useful in these patients to 
raise the lower eyelid without exces- 
sively tightening the lid. 

The advantages of the ETS over the 
standard tarsal strip technique are 
that no anterior lamella is sacrificed 
and the posterior lamella is not short- 
ened. Therefore, the ETS can be used 
to tighten and elevate the eyelid or 
lateral canthus in those individuals 
with no great eyelid laxity and those 
who have a shortage of anterior 
lamella. If the anterior lamella is too 
short, a skin graft or flap may be 
necessary in addition to the ETS. 

This technique is not intended to be 
a substitute for a skin graft, but it 
avoids skin grafting in many cases. 
There are a number of patients who 
are borderline short of skin and can be 
treated without a graft, provided that 
the eyelid is adequately supported. 
This includes such difficult cases as 
the overcorrected lower blepharoplas- 
ty, where skin grafts are not well 
accepted by the patient. 

The deep lateral canthal fixation 





created by suturing skin and muscle 
along with the deeper structures has 
been found to provide a more natural 
lateral canthal contour once the 
suture dissolves. This is because the 
anterior lamella is fixed posteriorly 
with the tarsal plate rather than, 
being attached separately to sur- 
rounding skin (as in the original tech- 
nique) where the potential for lateral 
skin hooding exists with a shortage of 
skin. By keeping skin and muscle 
attached to tarsus, the composite 
structure is drawn more posteriorly, 
giving rise to a more normal lateral 
canthal contour and a firm, strong 
tissue union. 

As with the standard tarsal strip 
procedure, a number of points need to 
be emphasized: (1) A small, strong, 
semicircular needle on a 4-0 polyglac- 
tin 910 or PDS suture, or a 4-0 perma- 
nent suture, should be used to facili- 
tate placement in the  periorbit. 
Larger needles are difficult to maneu- 
ver, and needles with a lesser curva- 
ture or strength may bend or break on 
attempted passage through periorbit. 
(2) The lateral eyelid tarsus should be 
scraped of conjunctiva to form a firm 
union and help avoid inclusion cysts. 
(3) The lateral lid anastomosis should 
be inside, rather than outside, the 
orbital rim. (4) A slight overcorrec- 
tion in both tightness and elevation a£. 
the lateral canthus should be achieved 
at surgery to allow for stretching of 
tissue in the early postoperative peri- 
od. (5) The ETS is not a substitute for 
a skin graft, but it can be very useful 
in correcting many borderline skin 
graft cases. It is also an excellent 
adjunct to a skin graft. 

In summary, the standard lateral 
tarsal strip remains an excellent and 
versatile procedure that is advocated 
in the presence of marked eyelid lax- 
ity when excess skin is present. The 
ETS technique has many of the same 
indieations and advantages as the 
standard tarsal strip, but it is recom% 
mended when the surgeon is trying to 
reposition a lower lid and lateral can- 
thus without marked laxity and 
excess skin. This makes the ETS even 
more versatile than the standard tar- 
sal strip and expands the applicability 
of this excellent procedure. 


This study is supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness, New York. 

Steven M. Thiese, scientific editor, supplied 
editorial direction and advice in the preparation 
of this report. 
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New Instruments 





Evaeuation/Cautery Vitreous Needle 


Frederick H. Davidorf, MD; Robert B. Chambers, DO; Harry G. Reimels 


e Since hemostasis and passive suc- 
tion to remove preretinal blood are impor- 
tant elements to the vitrectomy surgeon, 
a new disposable evacuation /cautery 
needle has been developed to accomplish 
these two objectives. This instrument 
allows the surgeon to clear the vitreous 
proximate to the bleeding site and cauter- 
ize the vessels without changing instru- 
ments. 

(Arch Ophthalmol 1989;107:607) 


emostasis utilizing bipolar cau- 
tery during vitrectomy is essen- 
tial for visualization. The earliest 
form of cautery employed the use of 
clips attached to the  vitrectomy 
instruments and to the power source. 
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While effective, these are cumber- 
some and they frequently malfunc- 
tion. The clips have been replaced by 
bipolar needles that allow the surgeon 
to cauterize a bleeding source through 
one portal. Both the positive and neg- 
ative poles are incorporated into one 
insulated needle. 

Passive suction to remove prereti- 
nal blood with the flute needle is 
another essential instrument for the 
vitrectomy surgeon. The ingenius but 
simple instrument uses the height of 
the infusion bottle and the opening in 
the evacuation needle as the variables 
in determining how forcefully fluid is 
removed. The opening in the handle 
allows the surgeon to turn the suction 
on or off with his or her index fin- 
ger. 

We have combined the features of 
bipolar cautery and passive suction 
into one instrument. This allows 
clearing of the vitreous proximate to 
the bleeding site and cauterization of 
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the vessels without changing instru- 
ments. The outer diameter of the nee- 
dle is 20 gauge, which fits easily 
through the standard sclerotomy inci- 
sion. The inner diameter is 23-gauge 
thin-wall tubing that provides gentle 
suction. Retinal incarceration can be 
alleviated by closing the evacuation 
portal on the needle handle and gently 
moving the tip of the needle away 
from the retina. We have designed 
this to be a disposable needle that fits 
the standard wet-field coagulator unit 
(Mentor Inc, Norwell, Mass) (Figure). 
The disposable evacuation/cautery 
needle described in this report is the 
fourth-generation instrument that 
has been used extensively in vitreous 
surgery at Ohio State University, 
Columbus. 


Drs Davidorf and Chambers have no commer- 
cial or proprietary interest in the evacuation/ 
cautery vitreous needle. Mr Reimels is a vice 
president of Mentor Inc, which markets the 
product. 


Disposable evacuation / cautery needle may be attached to standard wet-field cautery unit (Mentor). 


Arch Ophthalmol— Vol 107, April 1989 


Evacuation / Cautery —Davidorf et al 607 


Use of Cross-Polarized Light 
in Anterior Segment Photography 


Enrique Fariza, MD; Tom O'Day; Alex E. Jalkh, MD; Antonio Medina, PhD 


è A photographic technique improved 
the quality of anterior segment photogra- 
phy by using one polarizer in the illumina- 
tion path and another polarizer that was 
perpendicularly oriented to the first in 
front of the camera film back. A signifi- 
cant improvement was noted by impartial 
masked observers who assessed stan- 
dard photographs of the iris, conjunctiva, 
and sclera. A crosslike artifact, observed 
in photographs using cross-polarizers, 
was present and originated from corneal 
birefringence. The significance of the arti- 
fact and its possible diagnostic applica- 
tions were determined. 

(Arch Ophthalmol 1989;107:608-6 10) 


(newariy polarized light can be 
used to eliminate specular reflec- 
tions that originate from the corneal 
epithelium, from the anterior surface 
of the lens, including the intraocular 
lenses, and from the internal limiting 
membrane. Its use results in improve- 
ments in corneal specular microscopy 
and fundus photography.'” 

Linearly polarized light with cross- 
polarizers has been used in lens pho- 
tography’ and to enhance the visibili- 
ty of the nerve fiber layer in fundus 
photography.‘ To our knowledge, lin- 
early polarized light has not been used 
to improve anterior segment photog- 
raphy. 


MATERIALS AND METHODS 


An anterior segment camera (F3 Nikon) 
that was equipped with a lens (105-Nikon) 
and flash (SB-Nikon) was used. This sys- 
tem automatically adjusted flashlight lev- 
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els so that all photographs in the experi- 
ment received similar light intensity. Two 
linear polarizers (NH-22, Polaroid Corp, 
Cambridge, Mass) were positioned, one in 
front of the flash and the other perpendic- 
ularly oriented to the first in front of the 
camera film back (Fig 1). Forty-six sub- 
jects were photographed with and without 
the cross-polarized filters by an experi- 
enced ophthalmic photographer (T.O.). 
Four photographic pairs were rejected 
from consideration because of inadequate 
focusing, color saturation, or differences in 
photographic field. Forty-two photograph- 
ic pairs were shown by projection to four 
trained observers in a masked fashion. The 
observers were asked to choose the photo- 
graphic pairs with the better diagnostic 
quality. Results were assessed by using the 
sign test of paired comparisons.? 


RESULTS 


Photographs using cross-polarized 
filters were selected as superior to 
conventional standardized anterior 
segment photographs in 145 (86% ) of 
the 168 photographic pairs (z = 9.41, 
P « .0001). In 42 photographs, the dis- 


tribution of preference of the cross- 
polarized photographs was as follows: 
all four observers, 26 times; three 
observers, 11 times; two observers, 
four times; and no observers, once. 
These photographs showed improved 
visibility of normal and pathologic 
details of the anterior segment struc- 
tures, as well as a reduction in the 
corneal and tear film reflexes (Color 
Figs 1 and 2). 

A rainbow-colored, cruciform arti- 
fact (birefringence cross) was ob- 
served and did not significantly 
degrade the photographs. This cross 
was apparent in polarized photo- 
graphs of normal corneas (Fig 2 and 
Color Fig 3) but not in deep corneal^ 
scars and after penetrating kerato- 
plasty, and this cross was reduced and 
distorted in corneal edema. 

The flash spot was reduced in size 
over the image and assumed a blue 
tint. The degree of blockage of the 
flash spot is dependent on the angle 
between the polarizers. 





Fig 1.— Two polarizers (p) are placed, one in front of flash (F) and other in front of camera (C). 
Orientation of polarization plane of second polarizer is perpendicular to first polarizer. 
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Color Fig 1.—Left, Conjunctival picture without cross-polarizers. Right, Same photograph using cross-polarizers. Note 
reduction of reflections originating from tear film. 





Color Fig 2.—Left, Corneal photographs taken without cross-polarizers. Right, Same photographs with cross-polarizers. 
Note reduction of reflections originating from cornea and better visibility of endothelium. 





Color Fig 3. —Left, Corneal photograph taken without cross-polarizers. Right, Same photograph with cross-polarizer. Note 
rainbow-colored cross (arrows) produced by birefringence of cornea. 
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Fig 2.—Corneal birefringence cross (Maltese cross, arrows) in photo- 
graph of lens using black-and-white film to enhance contrast. In color 
photographs, cross is more difficult to observe (Color Fig 3, right). 


COMMENT 


When the normal cornea is illumi- 
nated by cross-polarized light, a rain- 
bow-colored cross appears over the 
iris. This cross, first observed by Von 
Erlach® and more completely de- 
scribed by Cogan,’ probably is a result 
of the corneal birefringence? (Fig 2 
and Color Fig 3). Each collagen lamel- 
la has birefringent properties. The 
orientation of the corneal collagen 
lamellae and the corneal curvature 
are the more relevant factors in bire- 
fringence of the cornea and the bire- 
fringence cross.* 

If the collagen fibers of the cornea 
were randomly oriented, the birefrin- 
gence of the various corneal lamellae 
would cancel each other and conse- 
quently eliminate all corneal birefrin- 
gence. The fact that the corneal lamel- 
lae showed some preferential orienta- 
tion in the horizontal plane makes the 
cornea exhibit a degree of birefrin- 


1. Peli E: Cireular polarizers enhance visibility 
of endothelium in specular reflection biomicros- 
copy. Arch Ophthalmol 1985;103:670-672. 

2. Fariza E, Jalkh AE, Thomas JV, et al: Use of 
cireularly polarized light in fundus and optic disc 
photography. Arch Ophthalmol 1988;106:1001- 
1004. 

3. Kawara T, Obazawa H: A new method for 
retroillumination photography of cataractous 
lens opacities. Am J Ophthalmol 1980;90:186- 
189. 
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EP DP 


Fig 3.—Light reflected from anterior surface of cornea retains linear 
polarization (LP) and consequently is strongly blocked by polarizer. 
Light reflected from endothelium becomes elliptically polarized (EP) and 


will easily pass polarizer. Light coming from sclera or iris becomes 
depolarized (DP), and it will easily pass polarizers. 


gence that is manifested as the corne- 
al birefringence cross. This preferen- 
tial orientation possibly is related to 
tension that is produced by the medial 
and lateral recti muscles? Conse- 
quently, lesions that alter the orienta- 
tion of the corneal lamellae in corneal 
stroma will impair the birefringence 
cross. We observed that the corneal 
birefringence cross can be observed 
only in normal corneas or in cases of 
minimal alteration of the corneal 
stroma. 

Light that is reflected from the 
anterior corneal and conjunctival sur- 
faces and film meniscus retains its 
plane of polarization and, therefore, is 
blocked by a cross polarizer on the 
camera film back. The corneal stroma 
is a birefringent structure’ that trans- 
forms the linearly polarized flashlight 
into elliptically polarized light that 
passes more easily through the cam- 
era film back polarizers when 
reflected by the endothelium (Fig 3). 
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Polarized light that is reflected by the 
iris and sclera is almost completely = 
depolarized" and consequently tra- 
verses the polarizer filter easily. 

In conclusion, using cross-polarized 
light in anterior segment photogra- 
phy is an easy method to reduce spec- 
ular reflection from the anterior cor- 
neal surface and the film, improves 
the clarity of anterior segment 
details, and may provide information 
about the integrity of the corneal 
stroma. 
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1 Portrait of Noncompliance 


"| go from the studio one day to location the 
next. Then into the darkroom or back to my 
office. The only way | can keep a schedule is 
to see it in front of me. Thats how | know 
what to do next!” 


Out of sight, out of mind. It’s a time- 
worn expression, but one that still holds 
important implications for proper dosing. 

For many patients, a simple visual 
cue can goa long way to prompt the 
next dose. 

Since 1980, Propine has provided 
glaucoma patients with twice-daily IOP 
control. But now, with the addition of 
Allergans exclusive C Cap, Propine can 
add a compliance advantage to your 
therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, and 

- Minimizes confusion for patients 

on multidose therapy or multiple 
medications. 

Propine with C Cap is available in 
o mL and 10 mL bottles. 

Please see adjacent page for brief 
summary of prescribing information. 
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ENCOURAGE COMPLIANCE. 
PROPINE' WITH C CAP" 
Propine with C Cap encourages proper dosing by: 

e Tracking next dose to be taken, and 


* Minimizing confusion for patients on multidose 
therapy or multiple medications. 


PROPINE"(dipivefrin HCl) 


sterile ophthalmic solution, USP, 0.1% with 


C CAP T Compliance Cap B.I.D. 


INDICATIONS: Propine aba HCI) is indicated as initial 
therapy for the control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure 
reductions ranging from 20-24%. Therapeutic response to 
Propine twice daily is somewhat less than 2% epinephrine twice 
daily. Controlled studies showed statistically significant differ- 
ences in lowering of intraocular pressure between Propine and 
2% epinephrine. In controlled studies in patients with a history 
of epinephrine intolerance, only 3% of patients treated with 
Propine exhibited intolerance, while 55% of those treated with 
epinephrine again developed intolerance. Therapeutic 
response to Propine twice daily therapy is comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels for the 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
produce. The blurred vision and night blindness often 
associated with miotic agents are not present with Propine 
therapy. Patients with cataracts avoid the inability to see around 
lenticular opacities caused by constricted pupil. CONTRA- 
INDICATIONS: Propine® should not be used in patients with nar- 
row angles since any dilation of the pupil may predispose the 
patient to an attack of angle-closure glaucoma. This product 
is contraindicated in patients who are hypersensitive to any 
of its components. PRECAUTIONS: Aphakic Patients. Macular 
edema has been shown to occur in up to 30% of aphakic 
patients treated with epinephrine. Discontinuation of 
epinephrine generally results in reversal of the maculopathy. 
Pregnancy: Pregnancy vue pei B. Reproduction studies have 
been performed in rats and rabbits at daily oral doses up to 
10 mg/kg body weight (5 mg/kg in teratogenicity studies), and 
have revealed no evidence of impaired fertility or harm to the 
fetus due to dipivefrin HCI. There are, however, no adequate 
and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in Chil- 
dren. Clinical studies for safety and efficacy in children have 
not been done. Animal Studies. Rabbit studies indicated a dose- 
related incidence of meibomian gland retention cysts follow- 
ing topical administration of both dipivefrin hydrochloride and 
epinephrine. ADVERSE REACTIONS: Cardiovascular Effects. 
Tachycardia, arrhythmias and hypertension have been reported 
with ocular administration of epinephrine. Local Effects. The 
most frequent side effects reported with Propine alone were 
injection in 6.5% of patients and burning and stinging in 6%. 
- Follicular conjunctivitis, mydriasis and allergic reactions to Pro- 
pine have been reported infrequently. Epinephrine therapy can 
lead to adrenochrome deposits in the conjunctiva and cornea. 
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An Uncommon 
Opportunity 


PRIME HEALTH is a nationally prominent HMO in Kansas 
City. We've spent 11 years perfecting a health care delivery 
system that provides attractive suburban practice locations 
with ample support to allow a lifestyle free from many of the 
hassles found in fee-for-service practice. We provide a wide 
range of specialty services including Internal Medicine, Family 
Practice, OB/GYN, Orthopedic Surgery, Psychiatry, and 
Ophthalmology. Our Ophthalmology department houses eight 
fully-equipped examination lanes with a complete array of 
modern equipment including anterior and posterior segment 
cameras, a Humphrey Field Analyzer, standard Goldman 
perimetry, a B scan, a Storz Alpha II A scan, a Coherent Argon 
laser and in-house fluorescein angiography. Our staff physi- 
cians enjoy competitive compensation levels. paid malprac- 
tice, retirement, and health, life and disability benefits. In 
addition, all of our associates share an equity interest in our 
organization. 
























Consider Prime Health in light of your own career goals. If 
you re seeking the satisfaction of a professional practice within 
an expanding and challenging environment, Prime Health is 
indeed an uncommon opportunity. Please submit your CV for 
consideration to: Martha Goodall. Human Resources, 6801 E. 
117th St., Kansas City, Mo. 64134, 816-765-6200. Equal 
Opportunity Employer. 
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e) Opthalmologist 


CHP, a leader in physician managed 
prepaid health care, is looking fora 
full-time, board certified/board 
eligible opthalmologist to join our 
multi-specialty staff at the Latham 
Health Center, just north of Albany, 
NY. We are a twelve-year-old, well- — '* 
established, financially stable HMO 
which emphasizes high quality, 
cost-effective health care. We offer a 
competitive salary and a complete 
benefit package including 
malpractice, health, life and 
disability insurance, a fully vested 
pension plan and generous vacation 
and CME time. For more 
information please contact: 

Lynn G. Harris, Director s 

Physician Recruiting 
COMMUNITY HEALTH PLAN, INC. 


1201 Troy-Schenectady Road 
Latham, NY 12110 1-800-544-4435 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month's issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA 


Ninth Ann Current Concepts in Ophthalmol At: 
San Diego Dates: 6/23/89 to 6/25/89 Contact: 
San Diego Eye Bank, 4077 Fifth Ave, San 
Diego, CA 92103-2180; (619)260-7299 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford 
94305 


COLORADO 


Seventy-Fourth Ann Summer Mtg At: Snowmass 
Village Dates: 7/1/89 to 7/5/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood, 
CO 80155; (303) 770-6048 


DISTRICT OF COLUMBIA 


Vitreoretinal Diseases & Surg Symp Dates: 4/ 
28/89 to 4/29/89 Sponsored by: Washington 
National Eye Ctr and Dept of Ophthalmol of 
the Washington Hosp Ctr Contact: Penelope 
A. Helfgott, WNEC, Suite 6B-13, 110 Irving St, 
NW, Washington, DC 20010; (202)877-6982 


Tenth Ann Rev Course CME & Ophthalmic Med 
Assistants Dates: 5/11/89 to 5/13/89 Contact: 
Phyllis L. Fineberg, COMT, Ctr for Sight, 
Georgetown Univ, 3800 Reservoir Rd, NW, 
Washington, DC 20007; (202)687-4862 


FLORIDA 


Clin Vision Res: Epidemiologic & Biostatistical 
Approaches At: Longboat Keys Dates:4/26/89 


to 4/29/89 Contact: Catherine M. Beinhauer, 
Conf Management Assoc, 127 Brook Hollow, 
Hanover, NH 03755; (603)643-2325 


GEORGIA 


Fifth Biennial Contact Lens Seminar At: Atlanta 
Dates: 6/15/89 to 6/17/89 Reg Fee: $300 Hrs 
Instr: 19 Contact: CME, Emory Univ Sch of 
Med, 1440 Clifton Rd, NE, Atlanta, GA 30322; 
(404)727-5695 


HAWAII 


Glaucoma, Pediatric Ophthalmology, & Neuro- 
Ophthalmology At: Kamuela Dates: 8/5/89 to 
8/12/89 Hrs Instr: 28.5 Contact: B. J. Johnson, 
USC Sch of Med, 1975 Zonal Ave, KAM 314, Los 
Angeles, CA 90033; (213)224-7051 


ILLINOIS 


Chicago Ophthalmol Soc Update Conf at: Chica- 
go Dates: 5/25/89 to 5/26/89 Hrs Instr: 10 
Contact: Julie Hughes, 515 N Dearborn St, 
Chicago 60610; (312)670-2583 


Second Ann UIC Eye Ctr Contact Lens Course: 
Basic & Advanced Topics At: Chicago Dates: 
6/23/89 to 6/24/89 Reg Fee: $100 each day 
Contact: Contact Lens Conf Registrar, UIC 
Conf & Institutes, Box 6998, Chicago, IL 60680; 
(312)996-5225 


MARYLAND 


Ophthalmic Nursing Sem: Update '89 At: Balti- 
more Date: 4/24/89 Reg Fee: $65 Contact: 
Francette Boling, CME, The Johns Hopkins 
Med Inst, 720 Rutland Ave, Baltimore, 21205; 
(301) 955-2959 

(Continued on p 615.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
AT STANFORD 





July 5 through August 31, 1989 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in cooperation 
with the University of California, Davis; Pacific Presbyterian Medical Center; and the University of California, San 
Francisco. 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful Stanford 
University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, Embryology, 
Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein Angiography, Optics and Theory of 
Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, J. Eliason, 
M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, A. Scott, W. Scott, R. 
Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the faculty of 60. 


Tuition is $1,550. For further information and application forms, please write to J.W. Bettman, M.D., Department of 
Ophthalmology, A-157, Stanford Medical Center, Stanford, California 94305. 


CHRISTIAN OPHTHALMOLOGY SOCIETY 


invites you to the 13th annual meeting 


OKLAHOMA CITY 


JUNE 15-18, 1989 


This meeting will feature a CATARACT panel with Dr. James P. Gills and Dr. Robert 
H. Osher—- a GLAUCOMA panel with Dr. Paul F. Palmberg and Dr. Richard Parrish-- 
and other knock-out papers including "Malignant optic neuritis", "Ocular Lyme Borreliosis 
1989", "Cornea Update 1989", "Retina/Vitreous Update 1989", plus much, much more! 


Speakers include: Robert N. Serros, MD, J. James Rowsey,MD 
J.Lawton Smith, MD Bradley K. Farris, MD Jack Hough, MD John A. McCrary, MD 
David G. Haney,MD Roger D. Bonham, MD William Smitty, MD, in addition to those 
named above. This program will provide both SCIENTIFIC and SPIRITUAL talks - and 
all will be given by physicians. You'll even hear Dr. J. James Rowsey speak on 
"MONEY, SEX, AND POWER IN MEDICINE"! You will not want to miss it! 


The meeting has been approved for category 1 CME credit by the University of 
Oklahoma Medical School -— there will be testimonies, music, tour of National Cowboy 
Hall of Fame, discussion times, small group meetings, great facilities for children, 
fabulous spouses' program with Margaret Joffrion and Glenna Haney-- and everything 
has been planned for you and your family to have a huge blessing in every way. 


Now - hold on to your seats when you hear this!! The registration fee of $150 
per family will be waived for medical students, interns, residents, and fellows- and not 
only that, but they can apply for $300 grants to help with expenses and they will be 
provided as long as funds hold out! For more information, a copy of the program, et 


al-- write now: 
BRADLEY K. FARRIS,MD 


c/o Dept.Ophthalmology,Univ.Okla. 


608 Stanton L. Young Boulevard 
Oklahoma City, Okla. 73104 


(Continued from p 613.) 
Nineteenth Ann Meet of the Retinal Vascular Ctr 
At: Baltimore Date: 7/28/89 Reg Fee: $200, 
$100 res & fellows Hrs Instr: 8 Contact: Prgm 
Coord, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
* 21205; (301)955-2959 


MICHIGAN 


Recent Advances in Cornea, External Disease & 
Cataract: 61st Ann Spring Conf At: Ann Arbor 
Dates: 5/19/89 to 5/20/89 Hrs Instr: 13 Con- 
tact: Betty Phillips, Prog Asst, Office of CME, 
Towsley Center, Box 0201, Univ of Mich Med 
Sch, Ann Arbor 48109; (313) 763-1400 


Symp of Technological Advances in Ophthal- 
mology At: Detroit Dates: 6/2/89 to 6/3/89 
Contact: David D. Borgorad, MD, or Leslie 
Fisher, PhD, Prgm Dirs, Ophthalmology Dept, 
Henry Ford Hosp, Detroit, MI 48202; (313)876- 
3241 


ra NEW YORK 


Cornell Advanced Vitreous Surg Course At: New 
York Dates: 6/8/89 to 6/10/89 Contact: Eliza- 
beth Nohilly, New York Hospital, Starr-817, 
520 E 70th St, New York, NY 10021 


OHIO 


Eighteenth Ann Ophthalmol Symp At: Cleveland 
Dates: 6/16/89 to 6/17/89 Contact: The Cleve- 
land Clin Ed Foundation, Dept of CME, 9500 
Euclid Ave, Rm TT31, Cleveland, OH 44195; 
(800)762-8172 (in Ohio); (800)762-8173 


Ninth Ann Resident Alumni Res Symp At: Colum- 
bus Date: 6/10/89 Contact: Maureen A. Meck, 
Symp Coord, The Ohio State Univ Dept of 
Ophthalmol, 456 W 10th Ave, Columbus, OH 
43210; (614)293-8159 


OKLAHOMA 


Thirteenth Ann Meet Christian Ophthalmol Soc 
At: Oklahoma City Dates: 5/15/89 to 5/18/89 
Contact: Bradley K. Farris, MD, Dept of Oph- 
thalmol, Univ of Oklahoma, 608 Stanton L. 
Young Blvd, Oklahoma City 73104 


Second Ann Neuro-Ophthalmol Course At: Okla- 
homa City Date: 6/2/89 Hrs Instr: 6 Reg Fee: 
$175 Contact: Office of CME, Box 26901, 
3SP511, Oklahoma City 73190 


OREGON 


Ophthalmology in a Changing World At: Port- 
land Dates: 6/15/89 to 6/16/89 Contact: Doro- 
thy D. Spier, Conf Coord, Oregon Lions Sight & 
Hearing Institute, 1040 NW 22nd Ave, Box 
N-200, Portland, OR 97210-3065; (503)229-7601 
or (800)433-3122 


PENNSYLVANIA 


Ophthalmol Soc Spring Mtg At: Pittsburgh 
Dates: 4/13/89 to 4/15/89 Reg Fee: $225 Con- 
tact: Pat Williamson, Exec Assistant, 2545 
Mosside Blvd, Monroeville 15146; (412)243- 
8845 


Cataracts in Children At: Philadelphia Date: 
4/28/89 Hrs Instr: 6 Contact: Mary Allegrini, 
Scheie Eye Inst, 51 N 39th St, Philadelphia 
19104; (215)662-8119 


Fourth Ann Eye Trauma Symp At: Philadelphia 
Dates: 5/12/89 to 5/13/89 Hrs Instr: 11 Con- 
tact: Dept of CME, Wills Eye Hosp, 9th & 
Walnut Streets, Philadelphia 19107; (215)928- 
3378 


Tenth Anniversary Symp for Allied Ophthalmic 
Personnel At: Pittsburgh Dates: 4/14/89 to 
4/15/89 Reg Fee: $225 Contact: Pat William- 


son, Exec Assist, 2545 Mosside Blvd, Monroe- 
ville 15146; (412)243-8845 


Advances Orbital Surgery: Techniques & Practi- 
cal Experience At: Pittsburgh Dates: 4/21/89 
to 4/22/89 Hrs Instr: 12 Reg Fee: $950 Contact: 
CME, Allegheny Gen Hosp, 320 E North Ave, 
Pittsburgh 15212; (412)359-4952 


SOUTH CAROLINA 


Fifteenth Ann Mtg of the Am Assoc for Pediatric 
Ophthalmol and Strabismus at: Kiawah Island 
Dates: 4/15/89 to 4/18/89 Contact: Tricia Ste- 
vens-Petras, Coordinator, 305 Twin Ridge 
Lane, Richmond, VA 23235; (804)320-2833 


TEXAS 


International Symp on Acanthamoeba & the Eye 
At: Houston Dates: 4/14/89 to 4/16/89 Contact 
Tamara C. Greiner, Office of CME, Baylor Coll 
of Med, One Baylor Plaza, Houston 77030; (713) 
798-6020 


VIRGINIA 


Ann Spring Mtg Virginia Soc Ophthalmol At: Hot 
Springs Dates: 5/12/89 to 5/13/89 Contact: 
Donna Strawderman; (804)353-2721 


WASHINGTON 


Resident-Alumni Day At: Seattle Date: 6/3/89 
Reg Fee: None Hrs Instr: 7 Contact: University 
of Washington, Dept of Ophthal, Seattle, WA 
98195 


WEST VIRGINIA 


Forty-second Ann Natl Spring Mtg At: White 
Sulphur Springs Dates: 4/23/89 to 4/26/89 
(Continued on p 617.) 





NINTH ANNUAL 
SAN DIEGO 
CURRENT CONCEPTS IN OPHTHALMOLOGY 


June 23-25, 1989 
San Diego Princess Resort 
1404 West Vacation Road, San Diego, CA 92109 






FACULTY 


* David J. Apple, M.D. 







* Frederick C. Blodi, M.D. 
* Johnathan D. Trobe, M.D. 


GUEST FACULTY: 






Milton Boniuk, M.D. 

Cullen Eye Institute 

Baylor College of Medicine 
Bradley K. Farris, M.D. 

Dean A. McGee Eye Institute 


SRD ANNUAL 
OKLAHOMA NEURO-OPHTHALMOLOGY COURSE 


THe: Orneit 


Presented by 


the University of Oklahoma and the Dean A. McGee Eye Institute 


CLINICAL PROBLEMS TO BE 
DISCUSSED: 


Neuro-Ophthalmology and Orbital 
Disease 


Orbital Neuroimaging 


* Donald Doughman, M.D. 





Clinicopathological Features 





* Robert Johnson, M.D. 
* Paul W. Weber, M.D. 


$150 ($200 after May 27) 


Richard Sherman 


San Diego, CA 92103 





"us 


* Richard L. Anderson, M.D. 


Physicians $300 ($400 after May 27) 
Residents, Nurses, Technicians 






For Information write or call: 


San Diego Eye Bank, 4077 Fifth Avenue 
(619) 260-7299 


13.25 CME Cat I Credits available 





University of Oklahoma 


Barrett Haik, M.D. 
Tulane Medical School 
New Orleans, Louisiana 


Robert Quencer, M.D. 
University of Miami School 
of Medicine 
Miami, Florida 


The Orbit Course will be 
followed by the 13th ANNUAL 
RESIDENTS AND ALUMNI 
MEETING, University of 
Oklahoma, Department of 
Ophthalmology, 


JUNE 3, 1989 


Tuition included in course fee if 
attending both. 














of Orbital Disease 
Thyroid Eye Disease 
Neuroimaging of the Anterior 
Visual Pathways 
Pediatric Orbital Tumors 


Adult Orbital Tumors and Their 
Management 


The Neuro-Ophthalmology 
Course has been approved for 6 
hours of CME credit in Category |. 


For more information and 
registration, contact: 


Office of Continuing Medical 
Education 

P.O. Box 26901 

3SP511 

Oklahoma City, Oklahoma 73190 


June 2, 1989 
THE WATERFORD HOTEL 
Course Fee: $175.00 Oklahoma City, Oklahoma 





Oregon Lions Sight & Hearing Institute 
(Devers Eye Clinic) 
and the 


Department of Ophthalmology 
Good Samaritan Hospital & Medical Center 


announce a conference on 


Ophthalmology in a 
Changing World 
June 15-16, 1989 





Oregon Lions Sight & Hearing Institute 
1040 N.W. Twenty-Second Avenue 
Portland, Oregon 





FACULTY 


Jerome Bettman, M.D., Woodside, Ca. 
Henry M. Clayman, M.D., Miami, Fl. 
David L. Guyton, M.D., Baltimore, Md. 
Peter R. Laibson, M.D., Philadelphia, Fa. 
Robert G. Webster, M.D., San Francisco, Ca. 


FEES 
Practicing Physicians: $245 if paid by June 1 
$270 thereafter 
Residents, Fellows:* $110 if paid by June 1 


$125 thereafter 
*(Qualifying letter from department head required) 


This program is acceptable in Category | credit for the 
Physicians Recognition Award of the American Medical 
Association. 


For further information, contact: 


Dorothy D. Spier, Conference Coordinator 
Oregon Lions Sight & Hearing Institute 

1040 NW. Twenty-Second Avenue, Box N-200 
Portland, Oregon 97210-3065 


(503) 229-7601 or Toll Free 1-800-433-3122 


DEPARTMENT OF OPHTHALMOLOGY 


Announcing its 


12th Annual Alumni Meeting 
June 2-3, 1989 


Friday, 8:00 a.m. - 5:00 p.m. 
RESEARCH & CLINICAL PRESENTATIONS 


Saturday, 9:00 a.m. - 12 Noon —————— 
A SYMPOSIUM 


TECHNOLOGICAL ADVANCES IN 
OPHTHALMOLOGY 


Featuring 
Philip C. Hessburg, M.D. 
Grosse Pointe Ophthalmology 
as the Jack S. Guyton Lecturer 
Registration fee of $150.00 includes 
Meetings at HFH & Banquet at the Renaissance Center 
Approved for Cat. 1 CME Credit 


For Further Information Contact: 
David D. Bogorad, M.D. or Leslie J. Fisher, Ph.D. 


Program Directors, Ophthalmology Department 
Henry Ford Hospital, Detroit, MI 48202 


(313) 876-3241 


The University of Southern California 
School of Medicine-Postgraduate Division 
and the Department of Ophthalmology 


presents 


GLAUCOMA, PEDIATRIC OPHTHALMOLOGY 
AND 
NEURO-OPHTHALMOLOGY 


August 5-12, 1989 


Mauna Kea Beach Hotel 
Kamuela, Hawaii 


GUEST FACULTY 


RONALD BURDE, M.D. RICHARD PARRISH, M.D. 

Professor of Ophthalmology Associate Professor of 

and Neurology Ophthalmology 

Albert Einstein Medical School University of Miami 
School of Medicine 


USC FACULTY 
Donald S. Minckler, M.D., Course Director, Professor of Ophthalmology 
George Baerveldt, M.D., Associate Clinical Professor of Ophthalmology 
Mark Borchert, M.D., Assistant Professor of Ophthalmology and Neurology 
Steven E. Feldon, M.D., Associate Professor of Ophthalmology & 
Neurological Surgery 
Dale K. Heuer, M.D., Assistant Professor of Ophthalmology 
James F. Martone, M.D., M.P.H., Assistant Professor of Ophthalmology 
and Preventive Medicine 
A. Linn Murphree, M.D., Associate Professor of Ophthalmology 
Alfredo A. Sadun, M.D., Associate Professor of Ophthalmology 
and Neurological Surgery 
Kenneth W. Wright, M.D., Associate Professor of Ophthalmology 


28.5 Category | AMA/CMA Hours 
Tuition: $565.00 
Information: USC Sch of Med, B.J. Johnson, 1975 Zonal Ave., KAM 
314, Los Angeles, CA 90033. (213) 224-7051. 





OPHTHALMOLOGIST/ 
Subspecialty: Vitreous and Retina 


The Section of Ophthalmology, Department of Surgery, 
Dartmouth-Hitchcock Medical Center in Hanover, New 
Hampshire, is seeking a full-time clinicallacademic 
ophthalmologist to join the facility. 


Responsibilities: 1) Provide both in- and outpatient general 
ophthalmological care with special interest in diseases 
and surgery of the vitreous and retina. 2) Give lectures 
and provide clinical training to medical students, interns 
and residents as required. 3) Carry out research projects 
when possible. 


Minimum Requirements: 1) A degree in Medicine and 
completion of an accredited residency in Ophthalmology. 
2) Completion of subspecialty training in diseases and 
surgery of the vitreous and retina. 3) Board certification or 
Board eligibility in Ophthalmology. 4) If available, creden- 
tials supporting previous academic productivity. 


The individual will be an employee of the Hitchcock Clinic 
and will receive an appropriate academic appointment 
as a member of the faculty of Dartmouth-Hitchcock 
Medical School. The Dartmouth-Hitchcock Medical Center 
is committed to Affirmative Action and is especially 
interested in identifying female and minority candidates. 


Inquiries and resumes should be directed to the Chair of 
the Search Committee: 


Gault M. Farrell, M.D., Section of Ophthalmology 
Dartmouth-Hitchcock Medical Center 

Hanover, New Hampshire 03756 

(Tel. 603-646-5123) 


[N BMW. A component of the Dartmouth - 
Hitchcock Medical Center. 


THE HITCHCOCK CLINIC — — sive Action Employer 














Ochsner 


The Ochsner Clinic has expanded to a university 
community with a metropolitan population of 560,000 
providing outstanding cultural opportunities. A position is 
available in a growing department of Ophthalmology. 


Fellowship training is desirable. Opportunities for teach- 
ing and clinical research. Candidates for consideration 
must have board certification/eligibility and at least one 
of the following! 


—Academic honors; 
—Excellent rating in an outstanding training program; 
—A demonstrated ability to provide a superior 
level of care. 


Interested individuals should forward CV to 


Charles M. Kantrow, Jr., M.D. 
Medical Director 

Ochsner Clinic of Baton Rouge 
16777 Medical Center Drive 


PRACTICE 
INDIRECT BINOCULAR 
OPHTHALMOSCOPY 


As described in Arch Ophthal - Vol 85, May 1971 


(Continued from p 615.) 
Contact: Ivan R Schwab, MD, WV Acad of 
Ophthalmol, Box 6302, Health Sciences Ctr N, 
Morgantown 26506 

FOREIGN 

Neuro-Ophthalmol Conf At: Southampton Prin- 
cess, Bermuda Dates: 5/25/89 to 5/29/89 Hrs 
Instr: 18 Sponsors: Med Ctr & Div of Ophthal- 
mol, North Shore Univ Hosp Contact: Ann J. 
Boehme, CME, Long Island Jewish Med Ctr, 
New Hyde Park, NY 11042; (718)470-8650 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Cóte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Seventh Biennial Canadian Contract Lens & 
Anterior Segment Conf At: Toronto Dates: 
5/26/89 to 5/28/89 Contact: Harold A Stein, 
MD, 170 Bloor St, W, #210, Toronto, Ontario, 
Canada; (416) 966-3336 


Twenty-Seventh Symp of the Internati Soc for 
CI Electrophysiology of Vision At: Dresden 
Dates: 6/4/89 to 6/8/89 Contact: Prof Dr Sc 
Med Renate Hanitzsch, Carl-Ludwig-Institute 
of Physiology, Liebigstr 27, Leipzig 7010, 
Germany 


Twenty-second Panhellenic Ophthalmol Congr 
At: Athens, Greece Dates: 5/25/89 to 5/28/89 
Contact: Prof John Koliopoulos, 10, Loukianou 
St, 106 75 Athens, Greece; (01) 72.30.841 


Third Internatl Cataract, Implant, Microsurgical 
& Refractive Keratoplasty Mtg At: Fukuoka, 
Japan Dates: 5/27/89 to 5/28/89 Sponsor: 
Asia-Pacific Intraocular Implant Club Con- 
tact: Fumihiko Hayashi, MD, Hayashi Eye 
Hosp, 4-7-13 Hakataekima, Hakata-ku, Fukuo- 
ka, 812, Japan: (092) 431-1680 









Baton Rouge, LA 70816 For information write to: MODEL EYE 


5827 ConwayRd. Bethesda,Md.20817 








The Ophthalmology Review Course 


April 7-12, 1989 — Chicago 
November 6-11, 1989 — Philadelphia 
May 5-10, 1990 — San Francisco | 


Now, your only BROAD REVIEW just before Written and Oral Exams 


OBJECTIVES METHODS 

èe Improve basic and clinical knowledge in ophthalmology e HOME STUDY MATERIALS with a syllabus of questions 
* Assist residents and fellows in organizing study and answers — and assignments 

e Prepare candidates to take examinations e SEMINAR with projection- slide lectures and syllabus 

e Provide practicing ophthalmologists with a review and update e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "Accommodations were comfortable...."* 
not only from world-famous authorities but from people who are relatively unknown as well."* 
GOALS AND LOCATION: The course 


Fundamentals Ocular Surface J. Douglas Cameron, M.D. | i; held the week before written and oral 
Anatomy External Disease Vay ae exams. Home study questions will be sent 
Biochemistry Cornea Richard Dennis, M.D. before the course. Your best value is to 
Physiology Conjunctiva Rush Medical College repeat the seminar for half price the week 
Pharmacolo Scl before both written and oral exams. 

EY dc api Thomas Deutsch, M.D. Topics and faculty are upgraded for each 

Optics and Refraction Anterior Segment "aps EA ge program. Meeting hotels are chosen for 
Ophthalmic Optics Anterior Angle Randy Epstein, M.D. the best combination of excellent study 
Refractive Error 5 V Rush Medical College site and reasonable cost for travel and 
Inst j " room. Our rates are typically $66 to $80 

ns rumen S ; ns Robert Feder, M.D. single and $80 to $98 double. Please wait 
Clinical Refraction Trauma Nortwestern University for instructions before buying your travel 
tickets. 

Intraocular Orbit and Adnexa Geoffrey Gladstone, M.D. 

Inflammation Orbit William Beaumont Hosp., Detroit " and those little extras...."* 
ERE Pract PN Mark Greenwald, M.D. LOWEST AIR FARES: Reliable Travel ,. 
Ocular Tumors Lacrimal System Northwestern University offers you the lowest air fare — often 
É Plastic Surgery ' below super-saver rates. Please call toll- 
oe ee eee free 1-800-645-6504 ext. 10 and identify 
Spr SEE Eie yourself with this Osler course. 
NENONEN Marilyn Mets, M.D. à à 
Laser Surgery Endocrinology University of Chicago „remarkably complete and pleasant "* 
Macul ic Di : ; 
Vascular Disease Emergencies University of Illinois, Rockford opportunities write or call (800) 356-7537. 
Neuro-ophthalmology Ophthalmic Pathology Thomas Mizen, M.D. "the most education for the money."* 
N i Rush Medical Coll 
E. -T iade m TT FEES AND C.M.E. CREDITS: 
P dy ——MÀ Michael Rosenberg, M.D. e C.M.E. Credit: 60 hours 
Visual Pathways Anterior Segment Northwestern University e Practicing Ophthalmologists: $660 
Pupillomotor System Posterior Segment e Residents and Fellows: $440 


Oculomotor System Joseph Sassani, M.D. we 


Other Activities Pennsylvania State University e Repeating course within 3 years: half price 
insi e Add 10% within 10 days of the course. 
ped ave ; n isi Acacias Howard Tessler, M.D. e Attendees not in course hotel add $8/day. 
Congenital Disorders Written Exam University of Illinois, Chicago © $50.00 will ti ] 
Genetic Disorders Oral Exam i PENS A EEE 


Elise Torczynski, M.D. 


" r 3 "æ 
University of Chicago home study material was extremely helpful 


Strabismus Exam Review 
BEEN UC a i a omia uam dm qmd ama ui M NUONA CO A alas CANCELLATIONS: Refunds subject to $50 
Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION fee, will be made until the seminar begins. 


e Cancellation after mailing home study 


Name material requires retention of half of the 
Address fee. 
City/State/Zip "I feel [the course] helped me pass ...."* 
Phone For:[] April 7-12, 1989 — Chicago INFORMATION: 

" [] Nov. 6-11, 1989 — Phildelphia Joseph H. Selliken, Jr., MD. +. 
Mail today to: THE OSLER INSTITUTE 


1094 Dawn Lane, Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler panicipants 


C] May 5-10, 1990 — San Francisco 
1094 Dawn Lane, Dept A4 ; 
P.O. Box 2218 [] Check is enclosed for $ 


Terre Haute, IN 47802 [] Please send more information. 


gem - m "o - - m m " eee eee eee eee eee eee eee eee 
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THE DOHENY EYE INSTITUTE 
and 
THE JULES STEIN EYE INSTITUTE 


OCULAR TUMORS 


Friday, May 12, ,1989 


COURSE DIRECTORS 


Peter E. Liggett, M.D., A. Linn Murphree, M. D., | 
Narsing A. Rao, M.D., Bradley R. Straatsma, M.D. 


SPECIAL GUEST SPEAKERS 


Bradley R. Straatsma, M.D. 
Chairman, Dept. Ophthalmology, Jules Stein Eye Institute 


Darrell E. Wolfley, M.D. ds 
Professor of Ophthalmology, Louisiana State University Eye Center 


COURSE FACULTY 


Peter J. Liggett, M.D. Zbigniew Petrov 

Gary Luxton, M.D. Narsing A. Ra 
Jan McDonnell, M.D. Alfredo A. Sa 
Don S. Minckler, M.D. Ronald E. Smith 
Malcolm Michael, M.D. Bradley R. Straatsma, M. 
A. Linn Murphree, M.D. Hector L. Sulit, M.D. - 
Darryl Wolfley, M.D. 


ent is intended to update the practicing ophthalmologist as well as the oncologist and - 
c on the diagnosis and management of ocular tumors. 
. CREDITS TUITION 


5:30 pm. .  —. Certified for 8 hours vd 1 Ophthalmologists | ^ V$35 
| - CMA/AMA Credit Re: idents/Fellows 


tute, 1355 San Pablo Street, Los An geles, CA 90033 x | 









r sodium) 0.03% 





Liquifilm® steri 






WARNINGS 
idal anti- inflammatory drugs, there exists the 





itn. There have been reports that Ocufen may 
Ske of a tissue (including hyphemas) in conjunc- 






‘Drug interactions: jweraetion of Ocufen? (flurbiprofen sodium) 
i 0. 0356 Tauni” sterile Pia solution with other opie 


ae mutagenesis, impairment of fertility: Long- 
rm studies i in mice and/or rats have Mown no evidence of car- 


i Pregnancy j re C. Flurbiprofen has been shown to be 
__-embryocidal, delay parturition, prolong gestation, reduce weight, 





- oral dose of 0. 4 mg/kg (approximately 185 times the human daily 
topical dose) and above. There are no adequate and well- 
` controlled studies in pregnant women. Ocufen should be used 
-during pregnancy only ifthe potential benefit justifies the poten- 

;  tíal risk to the fetus. 


-Nursing mothers: It is not known whether this drug is excreted 
~ in human milk. Because many drugs are excreted in human milk 
and because of the potential for serious adverse reactions in 
nursing infants from flurbiprofen sodium, a decision should be 
made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother. 


Pediatric use: Safety and effectiveness in children have not been 


| Increased biéeding E of ocular tissues in conjunction with 
ocular surgery has also been. EDS, 


€ ALLERGAN PHARMACEUTICALS 
E p 1989 of a ine. Irvine, CA 92713 
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“What impact will 


this new Government Reg 
have on my practice 





“If vou're 
Bu voee 


ing IOLAB lenses, no probl. 
another manufactui 


lenses, there's possibly a significant prol 


Significant is right! With the elimination of certain adjunct 
lenses and the limited availability of modified core lenses. 
many ophthalmologists may face an interruption of their 
current lens supply. 


8 All intraocular lenses that are premarket approved or 
have appropriate premarket approval applications 
submitted to the FDA by December 31, 1988 will not be 
affected by the policy changes. Lenses which do not 
meet these conditions however will be reclassified to a 
modified core status, thereby affecting their availability. 


a Modified core lens availability will vary on a case by 
case basis. These lenses are limited to an average 
national implant rate of 75 a month or a modified 
Core status total of 2,200 lenses nationwide over a 
29 month period, at which time Pre-Market Approval 
may be granted. 


m FDA policy changes will not affect the availability of 
any lens from IOLAB and there will be no change 
in clinical reporting. 


m |OLAB continues to have more clinically proven safe 
and effective lenses available than any other 
manufacturer to meet your needs. 


= |OLAB can assist you in maint 
supply and minimize the poten 
practice as these new regulatic 


IOLAB has other programs and < 
a world of rapidly changing govel 
B Product Bundling—^ll |OLAE 
Intraocular and SITE Microsurc 
available for greater convenien 
= Reimbursement and Compliz 
reimbursement program to ens 
and effectiveness in complying 
reimbursement changes. 


And, of course, we offer the large: 
available on the market. 


Please contact your local IOLAB 
determine the impact these FDA 
on your practice. 


Look To IOLAB F 
Your Ophthalmic 
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Published by the American Medical Association May 1989 


archives of 


Ophthalmolog, 


The Archives office is moving... 
Beginning July 1, 1989, all correspondence and manuscript submissions should be sent 
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When something is missing, 
its just not the same. 


No matter what they do, single-polymer artificial tears will 
always be missing something found in preservative free Refresh? 
and multidose Tears Plus?—a second polymer. 

Two polymers instead of one to provide comfort and help 
maintain corneal and conjunctival health jeopardized by dry eye. 
The first is the long-chain synthetic polymer Liquifilm® (polyvinyl 
alcohol 14%). It supplements mucin and fluid deficiencies to help 
lubricate the conjunctival surface.! ?-? 

Polymer number two is povidone (polyvinylpyrrolidone). 

A wetting agent which acts like the tear lipids, povidone provides 
comfort without increased viscosity. 

But as good as each polymer is individually, the dual formulations 
in Tears Plus® and Refresh? are the result of years of committed . 
research and a simple notion. That 2 just may be better than 1. 


Two products for two kinds of patients. 


What it all means is comfort and two ways of achieving it. 
Option one is Tears Plus® A preserved tear, 
Tears Plus? is safe and effective for those patients 
who use tear supplements occasionally to relieve 
their interim dry eye symptoms. 
Option two is Refresh? The only 100% 
preservative free artificial tear available today, 
Refresh" is for more frequent tear users. Why? 
Well, being preservative free, Refresh? can 
reduce the iatrogenic effects associated with 
preserved tear supplements? 
And this is critical. You see, patients with true dry eye may 
not enjoy the dilutional effect that someone with interim dry eye 
symptoms might. 

That being the case, any preservative might be cytotoxic. 

Throw in the fact that in a multicenter clinical study,” 95% of the 
subjects found Refresh® to be comfortable and convenient to use and 
you'll understand why for more severe dry eye patients, we think 2 is 
indeed better than 1. 

Two. Two polymers and two choices in artificial tear therapy. 
Refresh® Lubricant Ophthalmic Solution and Tears Plus® Lubricant 
Ophthalmic Solution. 

Recommend the right one to the right patient and hear what a 
difference true dry eye relief can make. 


1. Jones LT. The lacrimal secretory system and its treatment. Am J Ophthalmol 1966;62(1):47-20. 

2. Sabiston DW. The dry eye. Trans Ophthalmol Soc of New Zealand 1969;21:96-100. 

3. Benedetto DA et al. The instilled dynamics and surface chemistry of polymers in the preocular film. 

Invest Ophthalmol 1975; 14:887-902. 

4, Laflamme MY et al. A comparative study of two preservative-free tear substitutes in the management of severe dry eye. 
Can J Ophthalmol 1988;23(4):17 :-176. 
5. Data on file, Allergan, Inc. 
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Nore: Please read these instructions carefully—technical deficien- 
cies must be corrected before manuscripts can be reviewed. 
..—. Send manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Eye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2327. Manuscripts are received with the under- 
- Standing that they have not previously been published anywhere in 
- any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentation or publication of preliminary findings elsewhere (eg, 
in an abstract) can be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial 
publication, certain articles will appear in translation in the 
Chinese-language edition. 
- The text should, in general, not exceed 14 double-spaced type- 
` written pages. 
Transmittal letters to the editor must contain the following language: 
. “In consideration of the American Medical Association's taking action 
. inreviewing and editing my submission, the author(s) undersigned hereby 
` transfers, assigns, or otherwise conveys all copyright ownership to the 
. AMA in the event that such work is published by the AMA." This 
. Statement must be signed by ali authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In ease the work was done by a federal employee, each author 
. must include a signed statement that the work reported was done 
. while he or she was employed by the federal government. 
Author Responsibility.—-All accepted manuscripts are subject to 
- copy editing. The corresponding author will receive an edited 
-typescript rather than galley proofs for approval. The author is 
- responsible for all statements in his work, including changes made 
. by the copy editor. Designate one author as correspondent and 
-provide his address and telephone number. A manuscript should 
-not ordinarily list more than six authors. If more than six authors 
- are listed, a detailed written description of each person's personal 
` contributions should be submitted with the manuscript. Such 
. contributions must be substantial. 
Manuscript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 X 27.9-em (8% X 11- 
in) paper. Margins of at least 2.5 cm (1 in) must be provided. If a 
-word processor is used, do not justify the right margin. 
—. Titles.—Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
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ible. The title page should include the first name, middle 
al, and last name of all authors with their highest academic 
degree and professional affiliation of all authors and city location. 
It should also include the address (if different from the senior 
author's) to which requests for reprints should be Sent 


2 mental investigations of human subjects must elude a statement 
to the effect that legal requirements governing consent were 


. Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, an instrument, or a drug, the author(s) must 
=: state in a footnote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
; must reveal whether they have any financial interest as a 
 eonsultant, reviewer, or evaluator. In addition, authors must 
disclose any financial interest owned by a spouse, minor child, 
~ blood relative living in the same household, or known to be held by 
the author's employer, partner, or business associate. 

. Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
“results, and conclusions. The abstract should be specific and 
. sufficiently complete to allow the reader a quick evaluation of the 
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paper. Do not iaki a “summary 5 
seript. p 
References. —lList reféresités in i consecuti nu erical order (not 
alphabetically). Once a reference is cited, a equent citations 
should be to the original number. All references t 

the text or tables. Unpublished data and] erso communications 
should not be listed as refere t parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than six, write "et al" after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. Authors are 
responsible for the accuracy of the references. 

SI Units.——Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

Hlustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5 X 7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. Figure number, name 
of senior author, and arrow indicating "top" should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to 
achieve uniformity of lettering styie throughout the journal. 
Magnification and stain should be provided when pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies (35 
mm slides) and two sets of eolor prints. The ARCHIVES will pay 
part of the expense of reproduction and printing color illustra- 
tions, the remainder to be borne by the author. Submit a state- 
ment indicating author's willingness to accept this cost. After 
deducting the ARCHIVES' contribution, the author's share is $400 
for up to six square-finished illustrations that can be arranged on 
a one-page layout. Any additional illustrations or special effects 
will be billed to the author at cost. 

Questions and Answers.—Questions for this section should be 
































































PLEASE Note: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY'S CHECKLIST) 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstraet, 
references, legends, and tables). 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), ease reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

— (10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

— (11) Failure to designate the corresponding author and 
provide phone number and address. 

— (12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author's share of color illus- 
trations. 
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submitted to Stewart M. Wolff, Section Editor, Archives of 
Ophthalmology, 11 E Chase St, Baltimore, MD 21202. Such ques- 
tions are subject to editorial review and editing and will be 
published as space and editorial priorities permit. Questions 
should not exceed six double-spaced typed lines. A signed copy- 
right transfer letter must be included (see the first page of 
"Instructions for Authors" for copyright transfer information). 


Legends.— Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to à maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.— Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 


Acknowledgments.— Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author[s]) should be included. 


Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X ll-in) 
paper. Do not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 


graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. The 
photo essay should not necessarily result in brief clinicopathologic 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory story which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general "Instructions for Authors" for other requirements. 

Correspondence and Case Reports.— Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


The Archives office is moving... 
Beginning July 1, 1989, all correspondence and manuscript 
submissions should be sent to Morton F. Goldberg, MD, 


Editor, Archives of Ophthalmology, The Wilmer Institute, 
The Johns Hopkins Hospital, 600 N Wolfe St, Baltimore, 
MD 21205. 





From the Archives of the Archives 


One who saw the light and led the way 


In 1876, Gowers stated that in a retina free from local disease, any marked change in the 
vessels might be taken as evidence of a similar change throughout the vascular system, and 
that the contraction of the retinal arteries seen in certain cases of chronic Bright's disease was 
always associated with cardiac hypertrophy. He said also: "Moreover, as affording definite 
information regarding the pathological process in different cases of Bright's disease, it (the 


inspection of the retinal vessels) will, I think, have considerable value; and... ultimately it 
may help us better to distinguish between morbid states included under the term and at 
present imperfectly distinguished." Many authors have elaborated on these general state- 
ments in which Gowers furnished the framework for the interpretative study of the retinal 
vessels in their relationship to systemic vascular disease. 


SOURCE: Wagener HP. Sclerosis of the retinal arterioles. 


Edited by Jean Schaffner, Editorial Assistant. 
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TO SOLVE YOUR PROBLEM, 
WE Hap To Look AT SURGERY 
FROM YOUR PoINT OF VIEW. 
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3270 West Bayshore Road, Palo Alto, CA 94303 
(800) 635-1313 (800) 423-9543 (in California) 


Laser indirect ophthalmoscopy 
demands a different perspective 
on safety and performance than 
conventional delivery systems. 
To eliminate the distraction and 
added weight of mechanical 
shutters, for example, Coherent 
incorporates a fixed safety filter. 
Your eyes are always protected. 
Visualization is unrestricted. 

For uncompromised viewing, 
the illumination and visual 
axes are positioned exactly as 
in a diagnostic indirect ophthal- 
moscope. Our unique optic 
design places the laser beam 
between these two optical 
pathways, so you can deliver 
treatment to the exact problem 
areas you identify. 

Look into the new Laser 
Indirect Ophthalmoscope from 
Coherent. You'll appreciate our 
view on safety and performanoe. 
Contact Coherent today. 


CQ COHERENT. 
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Explanatory Note.—In the March 1989 issue of the 
ARCHIVES, the reply by Palmer and colleagues (for 
the Cryotherapy for Retinopathy of Prematurity 
Cooperative Group) (Arch Ophthalmol. 1989;107:315- 
316) to a letter to the editor by Keith and coworkers 


was written in response to an earlier version of the 
letter. It is for this reason that some statements 
quoted by Palmer et al did not match statements in 
the final version of the letter by Keith et al. 





Sharing Tissue Typing Information From the 
Collaborative Corneal Transplantation Studies 


To the Editor.—The principal investigators of the Collabo- 
rative Corneal Transplantation Studies (CCTS), a National 
Eye Institute-sponsored multicentered clinical trial of 
histocompatibility matching in high-risk keratoplasty, 
have received several inquires regarding our position on 
recommendations for tissue matching and sharing of typed 
tissue. 

We believe that the available data do not, at this time, 
allow us to determine whether histocompatibility match- 
ing improves the prognosis for penetrating keratoplasty in 
high-risk recipients. Available data do not allow us to 
determine whether histocompatibility matching, if effec- 
tive, should be based on HLA-A matches, HLA-B matches, 
HLA-DR matches, or ABO matches. It is the purpose of 
the CCTS to address these and other questions. 

The CCTS is a masked, prospective, randomized clinical 
trial. Consequently, none of the investigators is aware of 
the degree of tissue match that any of his patients receive. 
Data are reviewed biannually by the CCTS Data and 
Safety Monitoring Committee. At this time, the committee 
has not deemed it appropriate to release information, 
modify the protocol, or terminate the trial. These decisions 
are at the sole discretion of the Data and Safety Monitor- 
ing Committee and are not decisions of the principal 
investigators. 

After much deliberation, the CCTS has determined that 
it will not release typing information on corneas that it 
does not use. This decision was made on the legal grounds 
that the CCTS does not want to be placed in a position of 
responsibility for the accuracy of typing data or the safety 
and efficacy of histocompatibility matching in corneal 
transplantation. Patients enrolled in the CCTS receive 


-* typed tissue under an experimental protocol approved by 


the National Institutes of Health and human investigation 
committees at each of the participating institutions. Con- 
sent was obtained after the study was explained in full. We 
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have been advised that the use of CCTS-typed information 
for the distribution of corneas outside of this protocol 
could place us in a position of liability for the results of 
corneal transplantation with such tissue. 

The CCTS encourages the referral of patients into this 
study. For patients, eye banks, and ophthalmologists who 
do not have access to CCTS centers or do not wish to 
participate in the study, the decision as to how high-risk 
transplant recipients should be managed is an individual 
one. Some physicians may wish to use HLA-typed materi- 
al. Some eye banks and typing laboratories may wish to 
provide typing information when available. High-risk 
patients may undergo transplantation with untyped mate- 
rial or their surgery may be delayed until the effect of 
tissue typing on the survival of corneal transplants is more 
clearly determined. The CCTS in no way wishes to discour- 
age physicians, eye banks, typing laboratories, and 
patients from pursuing any of these alternatives. 

WALTER J. STARK, MD 
R. DOYLE STULTING, MD, PHD 
Study Cochairmen 


RoGER F. MEYER, MD 
GARY N. FouLks, MD 
RONALD E. SMITH, MD 
JOHN W. CHANDLER, MD 
MAUREEN G. MAGUIRE, PHD 
WILMA B. Bias, PHD 
Baltimore, Md 


A Comparative Study of the Central Nervous 
System Effects of Betaxolol vs Timolol 


To the Editor.—There have been several reports on the 
incidence of central nervous system (CNS) side effects 
associated with ocular 8-blocker administration,'? includ- 
ing the recent preliminary study by Lynch et al’ reported 
in the July 1988 issue of the ARCHIVES. 

Recently, we completed a double-masked pilot study that 
was designed to quantitatively compare the incidence of 
CNS effects secondary to the use of two ocular 8-blockers, 
betaxolol hydrochloride/maleate and timolol hydrochlo- 
ride/maleate. Forty-four normal male and female volun- 
teers enrolled in this five-week, randomized, comparative 
study. All of the subjects were between 50 and 75 years of 
age. 

The data for each of the 23 men and 21 women were 
included in the analysis; none of the subjects was with- 
drawn from the study. Analysis of the demographic vari- 
ables indicated no significant differences between the 
treatment groups at baseline. Further analysis of the 
physical examination results, the ophthalmic examination 
results, the vital signs, and the clinical laboratory data was 
noncontributory. 
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Results of the tests included in the psychological profiles 
revealed no statistically significant differences between 
the two study groups. This lack of statistical difference 
was due to the small sample size of subjects evaluated 
under the study protocol. However, it was possible to point 
out certain differences between betaxolol and timolol 
therapies in regard to the incidence of CNS effects. Results 
of the Hamilton Anxiety Rating Scale and Montgomery- 
Asberg tests indicated a lower incidence of insomnia with 
betaxolol than with timolol therapy (two subjects vs six 
subjects, respectively). 

The investigator's Global Summary also indicated a 
lower incidence of mild insomnia in the betaxolol group 
than in the timolol group (three subjects vs eight subjects, 
respectively). The incidence of depression (apparent sad- 
ness), as determined by the Montgomery-Asberg test, was 
also lower in the betaxolol group than the timolol group 
(one subject vs three subjects, respectively). Furthermore, 
results of the Minnesota Multiphasic Personality Invento- 
ry indicated that the incidences of depression, hypochon- 
driasis, and hysteria were all less frequent with betaxolol 
therapy (four subjects) than with timolol therapy (ten 
subjects). The incidence of diarrhea, as determined by the 
Systemic Reaction Checklist, was also markedly higher in 
the timolol group (19 subjects) than in the betaxolol group 
(two subjects). 

Signs and symptoms were regarded as side effects of 
treatment if they were reported as being treatment related 
and if they represented an increase from baseline severity. 
The most frequently reported side effects in both groups 
were burning/stinging on instillation of the study medica- 
tion and mild headache. The side effect report indicated a 
lower incidence of mild and moderate insomnia in the 
betaxolol group (one subject) than in the timolol group 
(eight subjects). None of the reported side effects resulted 
in the withdrawal of any patients from the study. 

The results of this pilot study indicate that an investiga- 
tion with a larger sample size is needed to correlate 
clinically with statistically significant findings and vice 
versa. Nevertheless, in this study, trends favoring betaxo- 
lol therapy over timolol therapy were observed and con- 
firmed by several rating instruments on the following CNS 
effects: insomnia, depression (apparent sadness), personal- 
ity change, nausea, fatigue, autonomic symptoms, and 
headache. 

JAY B. Comyn, MD, PHD, JD 
Los Angeles 


1. Westerlund A: Central nervous system side effects with hydrophilic 
and lipophilic beta-blockers. Eur J Clin Pharmacol 1985;28(suppl):73. 

2. Cove-Smith JR, Kirk CA: CNS-related side effects with metoprolol and 
atenolol. Eur J Clin Pharmacol 1985;28(suppl):69. 

3. Lynch MG, Whitson JT, Brown RH, et al: Topical 8-blocker therapy 
and central nervous system side effects: A preliminary study comparing 
betaxolol and timolol. Arch Ophthalmol 1988;106:908-911. 


From Timolol to Betaxolol 


To the Editor.—In the July 1988 issue of the ARCHIVES, 
Lynch et al' reported on 18 patients with central nervous 
system (CNS) effects during timolol maleate therapy 
whose condition improved after switching to betaxolol 
hydrochloride therapy. Unfortunately, however, they did 
not report on the intraocular pressure. 

Since betaxolol became available in the Netherlands in 
September 1986, we have prescribed this new antiglaucoma 
drug to 40 consecutive patients in whom timolol therapy 
was discontinued because of adverse effects. The group 
consisted of 27 women and 13 men, with an age range of 44 
to 85 years (mean + SD, 69.5 + 9.2 years). Follow-up 
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Frequency of Adverse Events in 40 Patients Switched 
From Timolol to Betaxolol Therapy 









Timolol Betaxolol 
Adverse Event Maleate * Hydrochloridet 


Pulmonary dyspnea 12 2/0 
Cardial dyspnea 1/0 
Bradycardia / arrhythmia 1/0 
Headache 1/1 
Dizziness 0/1 
1/0 
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Depression 
Bad dreams 
Rash 
Insomnia 
Forgetfulness 
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* Twenty-two patients used the 0.5% solution of timolol. 

tPatients in whom adverse effects did not disappear after switching to 
betaxolol therapy /patients who did not experience this adverse effect when 
receiving timolol therapy. 


ranged from three to 21 months (10.75 + 5.0 months). We 
excluded all patients in whom the alleged side effects did 
not disappear after stopping both timolol and betaxolol 
therapies and made no changes in the concomitant ocular 
or systemic medication. Although several patients were 
rechallenged, this was not done in a double-masked place- 
bo-controlled manner. 

The results are summarized in the Table. The various 
B-blocker-associated adverse events seem to have a differ- 
ent intrapatient overlap. Of the 40 patients, 32 (80%) 
became free of any adverse effects. It should be noted, 
however, that several patients were successfully treated 
with timolol many years before adverse effects developed. 
The results may therefore be biased in favor of betaxolol 
because of its relatively short follow-up period. Apart from 
monitoring the side effects, we also calculated the mean 
intraocular pressure of each pair of eyes over the same 
period before and after the switch. We found that the 
switch from timolol to betaxolol therapy was attended 
with a mean rise in intraocular pressure of 2.45 mm Hg 
(95% confidence limits for the mean difference between 
paired observations, —0.30 and +4.60). 

Like Lynch et al, we conclude that most patients' 
conditions improve, in terms of side effects, after switch- 
ing from timolol to betaxolol therapy. One must, however, 
expect a small rise in intraocular pressure. 

JELLE DE VRIES, MD 

SASKIA A. VAN DE MERWE, MD 
L. JAN DE HEER, MD 
Rotterdam, the Netherlands 


1. Lynch MG, Whitson JT, Brown RH, et al: Topical 8-blocker therapy 
and central nervous system side effects: A preliminary study comparing 
betaxolol and timolol. Arch Ophthalmol 1988;106:908-911. 


Evaluation of the Relative Afferent Pupillary Defect 
in Pseudotumor Cerebri in Regard 
to Surgical Intervention 


To the Editor.—I read with interest the article by Corbett 
et al' in the October 1988 ARCHIVES. Their use of the 
relative afferent pupillary defect (RAPD) in Table 2 of 
their article was completely appropriate. However, I do 
believe that the generalized use of the RAPD as a sign of 
worsening disease or as an indicator of surgical success 
may at times be misleading and should be de-emphasized,» 
because its greatest value is limited to cases where there 
are asymmetrical changes in this bilateral disease. The 
authors stated that: 
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quantitative measurements of the relative afferent pupillary 
defect were made at each visit...the clinical ophthalmologic 
examination, especially of visual fields and acuity and afferent 
pupillary testing, is essential to the accurate diagnosis and 
optimal management of all patients with pseudotumor cere- 
bri...change in an afferent pupillary defect is one of several ways 
to measure success of optic nerve sheath fenestration. 


The presence of an RAPD should be regarded properly as a 
sign of asymmetrical disease, but since pseudotumor cere- 
bri is a disease that tends to affect both optic nerves 
concurrently, RAPD may be normal in the presence of even 
advanced disease. 

In their article 9 of 17 patients with bilaterally swollen 
discs showed improvement of papilledema in the fellow eye 
that was not operated on, and most of the 9 patients 
experienced concomitant improvement in visual function. 
Sergott et al, in their article in the same issue of the 
ARCHIVES, showed that 12 of 21 patients with bilateral 
visual loss had improved visual function bilaterally after 
unilateral surgery. These results suggest that the postop- 
erative change in the RAPD will be less than if the surgery 
only had a unilateral effect and that its reduction may be 
quite disproportionate to the degree of success of the 
surgery. 

In summary, RAPD should always be measured because 
it may sometimes be a critical or key sign. However, I 
would suggest that when evaluating the possible need for 
surgical intervention for pseudotumor cerebri, do not be 
complacent when an RAPD is absent; conversely, in the 
postoperative period, do not necessarily be dismayed if a 
preexisting RAPD shows little change. 

RONALD E. P. FRENKEL, MD 
Stuart, Fla 


1. Corbett JJ, Nerad JA, Tse DT, Anderson RL. Results of optic nerve 
sheath fenestration for pseudotumor cerebri: the lateral orbitotomy 
approach. Arch Ophthalmol. 1988;106:1391-1397. 

2. Sergott RC, Savino PJ, Bosley TM. Modified optic nerve sheath 
decompression provides long-term visual improvement for pseudotumor 
cerebri. Arch Ophthalmol. 1988;106:1384-1390. 


In Reply.—We agree with Dr Frenkel that an RAPD when 
considered alone, without paying attention to other indica- 
tors of optic nerve dysfunction, may be misleading or 
confusing. The RAPD reflects the difference between the 
two eyes and can be used to judge progression in bilateral 
disease if the visual acuity and visual field are also known. 
Unilateral visual field loss and the RAPD follow each 
other closely. 

Despite its usual bilaterality, papilledema due to pseudo- 
tumor cerebri rarely damages vision equally in both eyes. 
If a new RAPD appears, or if it changes in either direction 
or disappears, then subjective correlates should be looked 
for (visual acuity, color vision, flicker fusion, visual 
fields). 

We have, of course, used the RAPD only as a measure of 
difference in pupillomotor input between the two eyes and 
have kept this so constantly in mind that it seemed obvious 
and unworthy of special mention in our article. Dr Fren- 
kel's warning will have been worthwhile if it reminds even 
one reader not to use the RAPD alone as an absolute 
measure of optic nerve function. 

JAMES J. ConBETT, MD 
JEFFREY A. NERAD, MD 
Iowa City, Iowa 


DaviD T. Tse, MD 
Miami, Fla 


RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 
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X-linked Congenital Stationary Night Blindness 


To the Editor.—I read with interest the report by Khouri 
et al' on X-linked congenital stationary night blindness 
that was published in the October 1988 ARCHIVES. It is 
interesting that the incomplete type of congenital station- 
ary night blindness, which we have reported previously, 
was also found in the United States. 

The authors noted that three of the five affected patients 
in their study pedigree showed ocular findings of the 
incomplete type. However, in one patient (case IV-2) 
findings were more consistent with the complete type of 
congenital stationary night blindness. This result led to 
the assumption by Khouri et al that the incomplete type 
may be a variation of the complete type. 

In case IV-2, the diagnostic basis for the complete type of 
congenital stationary night blindness was, acccording to 
Khouri et al, a nonrecordable rod b-wave, absent oscillato- 
ry potentials, and high myopia. However, judging from the 
rod b-wave in case IV-2, shown in their Fig 5,' it seems to 
me that there is a small rod b-wave. The computer 
averaging technique may show the rod b-wave more clear- 
ly. Since the psychophysical dark adaptation showed rod 
function in this patient,' it appears unreasonable that the 
rod b-wave was completely absent. The oscillatory poten- 
tials in case IV-2 are, indeed, very small or absent. 
However, the absent oscillatory potentials cannot have a 
definite differential diagnostic power. As we reported 
previously in our series,’ 3 of the 20 patients with the 
incomplete type and 24 of the 35 patients with the complete 
type of stationary night blindness showed nonrecordable 
oscillatory potentials. 

Only case IV-2 showed high myopia,' which is often seen 
in the complete type of stationary night blindness? How- 
ever, some patients with the incomplete type showed high 
myopia in our series? Recently, we found a new X-linked 
pedigree with the incomplete type of stationary night 
blindness, in which one patient showed hyperopia (+3 
diopters), one patient showed emmetropia, and one patient 
showed high myopia (—6.5 D). Since these three patients 
proved to have incomplete-type visual functions, the vari- 
ation of refractive error among these patients is not 
unlikely even in a single family. 

The 30-Hz flicker electroretinogram was extremely 
small in case IV-2. This finding is completely consistent 
with that of the incomplete type of stationary night 
blindness in our analysis? We found that, in the incom- 
plete type, this small 30-Hz flicker electroretinogram 
increased in amplitude exaggeratedly as the light adapta- 
tion progressed. This phenomenon was never seen in the 
complete type or in any other allied diseases, thus provid- 
ing diagnostic information.’ Therefore, it may be valuable 
to measure the 30-Hz flicker electroretinogram after suffi- 
cient light adaptation. 

In summary, I believe that there is a strong possibility 
that case IV-2 is a patient with the incomplete type of 
congenital stationary night blindness. The differentiation 
between the complete or incomplete type in case IV-2 is 
very important to determine whether or not the two types 
of blindness are different clinical entities. 

Yozo MIYAKE, MD 
Nagoya, Japan 


1. Khouri G, Mets MB, Smith VC, Wendell M, Pass AS. X-linked 
congenital stationary night blindness: review and report of a family with 
hyperopia. Arch Ophthalmol. 1988;106:1417-1422. 

2. Miyake Y, Yagasaki K, Horiguchi M, Kawase Y, Kanda M. Congenital 
stationary night blindness with negative electroretinogram: a new classifi- 
cation. Arch Ophthalmol. 1986;104:1013-1020. 

3. Miyake Y, Horiguchi M, Ota I, Shiroyama S. Characteristic ERG 
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flicker anomaly in incomplete congenital stationary night blindness. Invest 
Ophthalmol Vis Sci. 1987;28:1816-1823. 


In Reply.—We read with interest Dr Miyake's letter 
addressing our article on X-linked congenital stationary 
night blindness. We have reviewed our scotopic intensity 
series and we find no evidence of a positive electroretino- 
gram in the patient he discusses. Further evidence of this, 
as noted in our Table 2, is that the b-wave/a-wave 
amplitude ratio for this patient which was less than 0.4. If 
case IV-2 is considered by Dr Miyake to be an incomplete 
type, then the distinction between complete and incom- 
plete does not appear to be a very discrete one. 
MARILYN B. Mets, MD 
GEORGE KHouRI, MD 
VIVIANNE C. SMITH, PHD 
MARIANNE WENDELL, CO 
ARLENE S. PASS 
Chicago, Ill 


1. Khouri G, Mets MB, Smith VC, Wendell M, Pass AS. X-linked 
congenital stationary night blindness: review and report of a family with 
hyperopia. Arch Ophthalmol. 1988;106:1417-1422. 


Less Painful Alcohol Block 


To the Editor. —I found the editorial by Moore on Acantha- 
moeba keratitis, to be an excellent review. She noted that 
an alcohol block is very painful and that her block 
consisted of a mixture of absolute alcohol and 2% lido- 
caine. This block produces much less discomfort if one uses 
1% lidocaine ten minutes before absolute alcohol is given 
in the retrobulbar tissue. To assure that the alcohol is 
placed in exactly the location of the lidocaine, one can leave 
the retrobulbar needle in place. It is difficult to remove the 
needle from the hub of the syringe manually, but this can 
be accomplished without disturbing the needle location if 
you grip the needle with a hemostat. The retrobulbar block 
is very useful in many cases of eye pain caused by a variety 
of factors, and this method causes very little discomfort to 
the patient. 

Davip M. Way, MD 

New Braunfels, Tex 


1. Moore MB: Acanthamoeba keratitis. Arch Ophthalmol 1988;106:1181- 
1183. 
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Snellen Equivalent for the Bailey-Lovie Acuity Chart 


To the Editor.—Many researchers have used the Bailey- 
Lovie acuity chart! in multicenter clinical investigations, 
such as the Early Treatment Retinopathy Study and the 
Prospective Evaluation of Radial Keratotomy, because 
testing with this chart eliminates many of the inherent 
problems associated with the standard Snellen acuity 
chart.’ Thus far, to our knowledge, no one has reported a 
method for directly converting the number of letters read 
correctly from the Bailey-Lovie chart to a Snellen equiva- 
lent. Since the Bailey-Lovie chart is designed to have an 
equal logarithmic change between lines and there is an 
equal number of letters per line, a simple exponential 
equation can be derived to relate these two factors to 
Snellen acuity as follows: 


Snellen Acuity = 20 x 10 [(55 — X)/50], 


where X is the number of letters read correctly from the 
Bailey-Lovie chart. 

For example, if all Bailey-Lovie, letters (n = 70) are 
correctly identified, the score is equivalent to 20/10 Snell- 
en acuity; 55, 20/20; and 58, 20/17. By using this formula, 
more precise Snellen equivalents are obtained that may 
allow the investigator to identify previously unidentified 
clinical subtleties in large study populations. It should be 
noted that when the number correct is not a multiple of 
five, resulting intermediate Snellen equivalents do not 
correspond to an optotype size on the chart. In the example 
above, where 58 letters were correctly identified, the result 
is 20/17, which is more commonly written as 20/15 —2. 
Although for the individual patient the “plus” and “mi- 


nus" notations are more familiar to the clinician and may | 


be more meaningful, the 20/17 value is the only acceptable 
data entry that maintains the logarithmic progression of 
the Bailey-Lovie chart. It is also the only appropriate value 
that can be used for database entry and statistical analy- 
sis. 
JACK T. HoLLADAY, MD 
THOMAS C. PRAGER, PHD 
Houston 


l. Bailey IL, Lovie JE: New design principles for visual acuity letter 
charts. Am J Optom Physiol Opt 1976;53:740-745. 

2. Ferris FL III, Kassoff A, Bresnick GH, et al: New visual acuity charts 
for clinical research. Am J Ophthalmol 1982;94:91-96. 


Beginning July 1, 1989, correspondence and manuscript submissions should be sent to 


Morton F. Goldberg, MD, Editor, Archives of Ophthalmology, The Wilmer Institute, The 
Johns Hopkins Hospital, 600 N Wolfe St, Baltimore, MD 21205. 
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Excimer Laser Ablation in a 
Human Eye 


To the Editor. — The use of the excim- 
er laser to ablate corneal tissue for 
the correction of optical errors, such 
as myopia, hyperopia, and astigma- 
tism, was first suggested by Stephen 
Trokel, MD, of the Edward S. Hark- 
ness Eye Institute, Columbia Univer- 
sity, New York, NY. We report a case 
of a patient who received excimer 
laser ablation that was designed to 
flatten the cornea in a putatively 
blind eye. This was performed as part 
of the early human safety and efficacy 
"blind eye" trials under the aegis of 
the Investigational Device Exemption 
granted by the Food and Drug Admin- 
istration to Dr Trokel. 

Within 7 weeks of laser ablation, 
the patient, who had apparently been 
suffering from functional rather than 
physiologic blindness, had a visual 
acuity of 20/25 and then 20/20 with- 
out correction. After 6 months of fol- 
low-up, the cornea remained clear and 
the visual acuity appeared to be sta- 
ble. This is, to our knowledge, the first 
report of good visual results in a 
human eye from central photorefrac- 
tive keratectomy with the excimer 
laser for the correction of myopia. 


Report of a Case.—A 23-year-old woman 
was referred to our excimer laser blind-eye 
study as a possible candidate for laser 
correction of myopia in her right eye, 
which had been blind following a scleral 
buckle and a transsphenoidal hypophysec- 
tomy in 1985. All other information from 
the patient’s medical history was not rele- 
vant. Her only medication was oral predni- 
sone. On the first examination, June 7, 
1988, visual acuity without correction was 
minimal light perception in the right eye. 
» A retinoscopy showed refractive error to 
be —5.75 +2.00 diopters, axis 95°. There 
was no Marcus Gunn pupil. 

Examination of the fundus revealed a 
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270° scleral buckle covering the superonas- 
al and inferior quadrants, with holes in the 
top of the buckle at the 6-o'clock position. 
The retina was attached, and the optic 
nerve was pink, with normal vessels and 
a cup-to-dise ratio of 0.2. Corneal thick- 
ness, measured by optical pachymetry, was 
0.50 mm. Keratometry readings were 
45.00 x 47.50 D at the 90° axis. Uncor- 
rected visual acuity was 20/25 OS. Mani- 
fest refraction was —1.00 +1.25 D, axis 85°. 
The best corrected visual acuity was 20/20. 
The visual field was extremely constricted 
and irregular. Slit-lamp biomicroscopy 
revealed essentially normal anterior seg- 
ments in both eyes. Informed consent was 
obtained. 

On June 10, 1988, excimer laser ablation 
of the cornea in the right eye was per- 
formed to correct the 4.75 D of myopia 
(spherical equivalent at the spectacle 
plane) induced by the scleral buckle. The 
treatment was performed with a prototype 
excimer laser designed and manufactured 
by VISX Inc (Sunnyvale, Calif). The treat- 
ment zone was 5 mm in diameter, and the 
fluence was 160 mJ/cm?. The ablation rate 
was 5 Hz, and a microstepping technique 
was used by means of a computer- 
controlled diaphragm closure. The patient 
was examined daily for 1 week, and again 
at 2 and 4 weeks after laser surgery. The 
postoperative course was uneventful. 

Seven weeks after the laser treatment, 
the patient reported that she was able to 
see with the treated eye. Visual acuity was 
20/25 without correction, and 20/20-3 with 
pinhole. The manifest refraction was —0.50 
+1.50 D, axis 90°, which provided a visual 
acuity of 20/20-. Slit-lamp examination 
revealed the anterior chamber to be deep 
and uninflamed. An extremely faint, deep, 
epithelial, or possibly subepithelial, tessel- 
lated corneal haze that had not been seen 
previously was observed by means of scle- 
rotic scatter. Keratometry readings were 
42.50 X 44.00 D at the 90* axis. Corneal 
thickness was 0.42 mm. Photokeratographs 
and computer analysis of corneal topogra- 
phy demonstrated regular central flatten- 
ing of the cornea. Examination of the 
dilated eye showed no change in the fun- 
dus. Two months after the photorefractive 
keratectomy, visual acuity in the treated 


eye was 20/20 without correction. The 
patient correctly read 24 Ishihara plates 
with both the right and left eyes. Manifest 
refraction was plano. A slit-lamp biomi- 
eroscopy revealed a clear cornea. Central 
corneal thickness was 0.38 mm. 

Three months after laser treatment, 
uncorrected visual acuity was still 20/20 
OD. The patient's cycloplegic refraction 
was —2.00 +1.50 x 90° by one observer and 
+1.00 by the second observer, but this did 
not improve her uncorrected visual acuity 
of 20/20. Manifest refraction was —1.00 
+1.50 X 90? by one observer and —0.25 
+0.75 X 15? by the second observer. Kera- 
tometry readings were 42.00 X 44.25 D at 
the 90? axis, with regular mires. The bare- 
ly perceptible haze in the ablated zone had 
virtually disappeared. The subepithelial 
haze completely resolved by 4 months. The 
cornea was clear at the 5-month visit (Fig- 
ure). At the latest visit (6 months postop- 
eratively), uncorrected visual acuity, kera- 
tometric readings, corneal thickness, and 
corneal clarity remained unchanged. 


Comment.—We believe that this 
patient suffered from functional 
blindness after the excision of a pitu- 


Slit-lamp biomicroscopy 5 months after cen- 
tral laser ablation for the correction of myopia 
showed corneal clarity and a regular sur- 
face. 
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itary tumor. We believed, in good 
faith, that she was organically blind; 
several independent ophthalmologists 
at different institutions had found her 
to be blind prior to her inclusion in the 
study. Perhaps the explicit informed 
consent given to her before her 
hypophysectomy was responsible for 
her hysteria. Nevertheless, we would 
not have treated her with the excimer 
laser had we suspected that her blind- 
ness was functional rather than phys- 
iological. Even so, functional blind- 
ness is not an exclusion criterion for 
this study. 

After laser treatment, the patient's 
hysteria resolved and she regained 
her vision. Her uncorrected visual 
acuity appears to be stable at 20/20, 
with her previously documented myo- 
pia eliminated. The faint subepithelial 
tessellated corneal haze that appeared 
at 7 weeks and later disappeared could 
represent normal epithelial healing 
phenomena and/or the temporary 
transformation of keratocytes into 
fibroblasts or fibroblastic kerato- 
cytes, although no corneal biopsy was 
done at that time. 

The Food and Drug Administration 
has been notified of this case, and we 
are submitting regular reports of her 
postoperative progress. Although we 
and others have studied excimer laser 
ablation of corneal tissue extensively 
in animal models, such as rabbits and 
nonhuman primates, and we have also 
performed safety and efficacy trials in 
nine blind eyes and one partially 
sighted eye of human patients, this is, 
to our knowledge, the first report of 
good visual results in a human eye 
from central photorefractive keratec- 
tomy with the excimer laser for the 
correction of myopia. 

MARGUERITE B. McDONALD, MD 
HERBERT E. KAUFMAN, MD 
JONATHAN M. FRANTZ, MD 
STEWART SHOFNER, MD 
BAYARDO SALMERON, MD 
STEPHEN D. KLYCE, PHD 

New Orleans, La 


The authors have no commercial or propri- 
etary interest, or any financial interest as con- 
sultant, reviewer, or evaluator, in VISX Inc. 

This report was supported in part by an unre- 
stricted grant (Dr Kaufman) and the James S. 
Adams Scholar Award (Dr McDonald) from 
Research to Prevent Blindness Inc, New York, 
NY, and assistance from VISX Inc (Dr MeDon- 
ald). 


Spontaneous In Vivo Fracture of 
an Anterior Chamber Intraocular 
Lens Loop 


To the Editor.—There has been con- 
cern that anterior chamber (AC) 
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Fig 1.— Gross appearance of the explanted Simcoe-style C-loop anterior chamber intraocular 
lens showing the fracture site near the loop-optic junction (large arrow) with several fibrous 
strands extending onto the optic surface. Also shown is the surgically severed loop (small arrow) 
with abundant pigmented fibrous and uveal tissues affixed to the distal portion. 


intraocular lens (IOL) loop or haptic 
breaks may occur, although rarely, 
with repetitive flexions exerted on the 
IOL, especially with excessive eye rub- 
bing or eyelid squeezing.' We report a 
case where an AC IOL loop fractured 
in vivo 4 years after implantation. 
There was no apparent predisposing 
trauma. The resultant decreased 
vision and focal corneal decompensa- 
tion necessitated explantation. 


Report of a Case.—A 66-year-old man 
underwent intracapsular cataract extrac- 
tion and peripheral iridectomy with 
implantation of a one-piece Cilco Simcoe- 
style AC IOL (CooperVision CILCO, Belle- 
vue, Wash) in his left eye in April 1984. 
There were no surgical complications. 
Final corrected visual acuity of the eye 
that was operated on was 20/20+. Follow- 
up visits did not reveal any complaints, and 
the eye showed no signs of inflammation. 

In August 1988 (4 years 5 months after 
implantation), he presented with a several- 
week history of a foreign-body sensation 
and clouded vision in the left eye. Cor- 
rected visual acuity was 20/60+, and slit- 
lamp examination results revealed that the 
superonasal loop of the IOL was fractured 
close to the loop-optic junction. The frac- 
tured ends were separated from each other 
by less than 1 mm. The lens optic was not 
significantly decentered but was somewhat 
tilted with respect to the visual axis. The 
anterior chamber was relatively free of 
inflammation. The cornea had focal de- 
compensation in the area of the fracture. 
The conjunctiva and iris appeared normal. 
The patient firmly denied any trauma to 
the eye or any vigorous rubbing or eyelid 
squeezing. 

The fractured IOL was  surgically 
removed and replaced with a Feaster 
Coburn (Coburn Intraocular Lenses, Clear- 





Fig 2.— Scanning electron micrograph of the 
fractured loop showing a sharp, vertical cleav- 
age plane characteristic of a polymethylmeth- 
acrylate fracture. In contrast, the face of the 
surgically severed loop showed multiple irreg- 
ular jagged planes (original magnification 
X360). 


water, Fla) AC IOL 4 days later. During 
explantation, the intact loop had to be 
severed to facilitate removal because the 
distal portions of both loops were encapsu- 
lated in peripheral synechiae. Four weeks 
after this procedure, the patient's visual 
acuity was 20/25. 

The explanted IOL was examined grossly 
(Fig 1), and scanning electron microscopy 
clearly demonstrated the sheared appear- 
ance characteristic of a fracture in the 
superonasal loop when compared with the 
surgically severed loop (Fig 2). 


Comment. — Although traumatic 
fracture of AC IOL footplates has 
been reported,’ in vivo fracture of an 
IOL loop or haptic not attributable to 
overt head or ocular trauma is very 
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uncommon. The first such case, 
reported by Maguen and associates! in 
1985, detailed the loop fracture of a 
Kelman Quadriflex AC IOL. The sec- 
ond case, reported by Park and coau- 
thors? in 1987, documented fractures 
in a loop of a three-piece Leiske-style 
AC IOL at two different sites and at 
two different times. Both of these 
cases produced visual complications 
sufficient to require explantation of 
the IOL. 

It is interesting to note that both 
the report of Maguen and associates’ 
and the case reported herein docu- 
ment loop fracturing in newer-gener- 
ation, one-piece IOLs made of high- 
molecular-weight polymethylmetha- 
crylate (Perspex CQ) that are 
manufactured by computer-assisted 
lathe-cutting techniques.* These re- 
finements in biomaterials and manu- 
facturing technologies have been 
designed to increase the flexibility 
and durability of lens loops? However, 
spontaneous loop fracturing, although 
rare, does still occur. This complica- 
tion should be ruled out in any pseu- 
dophakic patient complaining of 
symptoms typical of a foreign body in 
the AC, or of a sudden decrease in 
visual acuity from an alteration in 
IOL position. 

MICHAEL T. CRAIG, MD 
Nick Mamas, MD 

ALAN S. CRANDALL, MD 
DuNCAN K. McDONALD, MD 
Salt Lake City, Utah 


This work was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 

Reprint requests to Department of Ophthal- 
mology, 50 N Medical Dr, Salt Lake City, UT 
84132 (Dr Mamalis). 
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Sterno-Induced Methanol Toxicity 
and Visual Recovery After Prompt 
Hemodialysis 


To the  Editor.—Decreased vision 
developed in a man after he consumed 
alcohol eluted from Sterno, a cleaning 
solvent and compound for keeping 
ze foods hot. Sterno contains 71% ethyl 
alcohol and 3.6% methyl alcohol. This 
case report illustrates (1) the impor- 
tance of early recognition of methanol 
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intoxication using indexes of elevated 
anion and osmolality gaps before 
serum methanol levels are available 
and (2) the efficacy of a prompt cor- 
rection of acidosis and the removal of 
methanol by hemodialysis for im- 
provement of vision. 


Report of a Case. — A 29-year-old white 
male prisoner was brought to the emergen- 
cy department at 5 PM with a complaint of 
blurred vision and photophobia occurring 
since morning. He denied having a history 
of a similar complaint or any ocular abnor- 
mality, or ingesting illegal or nonprescrip- 
tion drugs. However, he did relate having 
consumed alcohol obtained from Sterno 
from the jail kitchen by wringing Sterno 
wrapped in a towel and manually eluting 
the alcohol. On the evening prior to admis- 
sion, the patient had consumed "about a 
cupful." 

Medical history and physical examina- 
tion findings were unremarkable except 
for ocular abnormalities, respirations of 
36/min, and a resting pulse of 100 beats per 
minute. Visual acuity was 20/400 OD and 
20/800 OS, both distant and near. Ocular 
examination findings were normal in both 
eyes except for pupils with diameters of 5 
mm OD and 6 mm OS that were sluggishly 
reactive to light, constricting to 2.5mm OD 
and 3 mm OS. Generalized constriction 
was evident by confrontation fields in both 
eyes; the left eye was constricted to less 
than 30?. No abnormalities were perceived 
by Amsler's grid in the right eye, but grid 
distortion was pronounced in the infero- 
temporal field of the left eye. Color vision 
testing with pseudoisochromatic plates 
demonstrated some deficiency (10/14) in 
the right eye and no color appreciation in 
the left. The fundi revealed blurred disc 
margins, hyperemia and swelling of optic 
dises, and peripapillary retinal edema 
more pronounced in the left eye. 

Blood chemistry tests permitted calcula- 
tion of an anion gap of 32 mmol/L and a 
serum osmolal gap of 66 mmol/L. The 
elevation of these gaps was suggestive of 
methanol toxicity. Arterial blood gas tests 
revealed metabolic acidosis with a pH of 
7.17; PO, 145 mm Hg; 100% oxygen satura- 
tion; Pco,, 13 mm Hg; and HCO,, 4.7 mmol/ 
L. Serum toxicology screen results, though 
not available for hours, revealed a metha- 
nol level of 75 mmol/L. 

A 1.9-mmol/L sodium bicarbonate solu- 
tion was administered intravenously (150 
mL/h) to alkalinize the plasma. Rapid 
reestablishment of a normal pH improves 
the prognosis of visual recovery.' To inhib- 
it degradation of methanol, 50 mL of etha- 
nol was administered by intravenous pig- 
gyback every hour (8 g/h X five doses of 
dehydrated alcohol/500 mL of 5% dex- 
trose in water). The patient underwent 
dialysis via bilateral femoral catheters by 
venovenous blood access (200 to 250 mL/ 
min) starting 6 hours after admission and 
continuing for 3 hours 40 minutes. Hemo- 
dialysis was conducted at 4-hour intervals 
with C-DAK 1.3 against a 1.68 mmol/L 
calcium bath and repeated until the meth- 
anol level fell to less than 3 mmol/L. The 


patient was discharged after 6 days with 
visual acuities of 20/20 OD and 20/40 OS 
and improved visual fields. 


Comment—Without signs of obvi- 
ous inebriation or systemic toxicity, 
methanol ocular toxicity? may be dif- 
ficult to diagnose. With a vague recent 
history of alcohol ingestion and 
decreased visual acuity, the elevation 
of anion and osmolal gaps will allow 
prompt diagnosis of methanol toxici- 
ty. Although several causes exist for 
elevation in these gaps, few, except 
ingestion of methanol or ethylene gly- 
col, elevate both gaps concomitantly.’ 
Measuring serum methanol levels 
may not be practical because of 
unavailability or prolonged laborato- 
ry test periods. Prompt diagnosis and 
early correction of methanol-induced 
metabolic acidosis and the removal of 
methanol by hemodialysis may yield 
an improved visual prognosis. 

JACK V. GREINER, DO, PHD 
Boston, Mass 


SASIKALA PILLAI, MD 
SURESH R. LIMAYE, MD 
Washington, DC 

FRED CHU, MD 

St Louis, Mo 


1. Benton CD, Calhoun FP. Ocular effects of 
methyl alcohol poisoning: report of a catastrophe 
involving three hundred and twenty persons. 
Trans Am Acad Ophthalmol Otolaryngol. 1952; 
56:875-885. 

2. Grant MW. Toxicology of the Eye. 2nd ed. 
Springfield, Ill: Charles C Thomas Publisher; 
1974:666-674. 

3. Jacobsen D, Bredesen JE, Eide I, Ostborg J. 
Anion and osmolal gaps in the diagnosis of 
methanol and ethylene glycol poisoning. Acta 
Med Scand. 1982;212:17-20. 


Staphylococcus epidermidis 
Endophthalmitis Complicating 
Intravitreal Antiviral Therapy of 
Cytomegalovirus Retinitis 


To the Editor.—Treatment of progres- 
sive cytomegalovirus (CMV) retinitis 
with intravitreal injections of ganci- 
clovir has been advocated as an effec- 
tive and safe form of therapy in 
patients in whom severe neutropenia 
precludes adequate intravenous gan- 
ciclovir therapy.'? A patient with 
acquired immunodeficiency syndrome 
(AIDS) complicated by progressive 
CMV retinitis of the right eye under- 
went a course of intravitreal treat- 
ment with ganciclovir because of per- 
sistent neutropenia resulting from 
intravenous ganciclovir therapy. Dur- 
ing the ninth week of therapy the 
patient developed a bacterial endoph- 
thalmitis that required pars plana 
vitrectomy and a course of systemic 
antibiotic therapy. 
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Report of a Case. — A 36-year-old homo- 
sexual man was diagnosed as having AIDS 
in 1987 when he developed Pneumocystis 
carinii pneumonia. At this time he was 
found to have CMV retinitis of the right 
eye, which was treated with an initial 
induction course of ganciclovir followed by 
maintenance therapy. The progression of 
the retinitis was arrested, but when intra- 
venous ganciclovir therapy was discontin- 
ued several months later because of myelo- 
suppression, recurrence of the retinitis was 
noted ophthalmoscopically. At the time of 
recurrence the retinitis was found to 
extend to within 500 um of the optic nerve 
head, involving the inferotemporal retina. 
The visual acuity was 20/40. A decision 
was made to treat the retinitis with intra- 
vitreal injections of ganciclovir. 

The ganciclovir was prepared following 
the method reported by Henry et al.! Two 
hundred micrograms of ganciclovir, fil- 
tered through a 0.22-um filter in an injec- 
tion volume of 0.1 mL, was used for each 
injection. Injections were administered 
twice weekly during the first 2 weeks. 
Weekly injections were used thereafter. 
The patient, a physician, was instructed to 
use topical gentamicin four times daily the 
day before and on the day of treatment. 

Injections were performed with the 
patient under topical anesthesia. The con- 
junctivae were irrigated with a 1:3 solution 
of 10% povidone-iodine solution and sterile 
saline solution. The injections were made 
4.0 mm from the limbus in the inferotem- 
poral quadrant using a 30-gauge needle. 
Regression of the retinitis became notice- 
able after 4 weeks of treatment. During the 
eighth week of treatment the patient com- 
plained of floaters. A low-grade iritis and 
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vitritis were noted. No further injections 
were given and the patient was observed. 
Six days later opacifications in the vitre- 
ous were noted, and the patient's visual 
acuity had deteriorated to 3/200. The 
patient was admitted to the hospital. 

A vitrectomy was performed and Gram's 
staining demonstrated gram-positive cocci 
in the vitreous sample. Intraoperatively 
the patient received intravitreal and sys- 
temic antibiotics (gentamicin sulfate and 
vancomycin hydrochloride), with adminis- 
tration of the latter continued for 10 days 
postoperatively. Intracameral antiviral 
therapy was discontinued. Cultures of the 
vitreous sample disclosed Staphylococcus 
epidermidis. The endophthalmitis resolved 
with this regimen; however, the CMV reti- 
nitis progressed. The patient was followed 
up until his death 5 months later. 

Comment.—Cytomegalovirus reti- 
nitis is the most frequent opportunis- 
tic ocular infection complicating 
AIDS. The efficacy of intravenously 
administered antiviral agents in the 
treatment of this condition is being 
clinically evaluated. The systemic tox- 
icity of these agents, primarily myelo- 
suppression with ganciclovir and azo- 
temia with foscarnet sodium, serious- 
ly complicates treatment in many 
patients. Even full intravenous main- 
tenance therapy with ganciclovir may 
not forestall progression of retinitis. 

Clinical experience with intravi- 
treal ganciclovir is limited and few 
human pharmacokinetic data exist. 
Weekly injections of 200 to 400 ug of 
ganciclovir have been shown to stabi- 
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lize, and in some cases induce regres- 
sion of, retinitis in patients for up to 9 
months.'? Few complications have 
been reported. Ussery et al? reported 
retinal detachment attributable to the 
procedure. I have noted iritis and 
vitritis in several patients after intra- 
vitreal injection. 

In the present case, endophthalmi- 
tis, although not the ultimate cause of 
visual loss, severely complicated the 
patient’s overall clinical course. In 
view of potential complications such 
as endophthalmitis, intravitreal anti- 
viral therapy should be considered 
only in desperate, sight-threatening 
cases of CMY retinitis where intrave- 
nous therapy either cannot be given or 
is demonstrably ineffective. 

M.-H. HEINEMANN, MD 
New York, NY 


Ganciclovir was provided by Syntex Research, 
Palo Alto, Calif. 
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Missing Color Scale.—In the article entitled "The Topography of Normal 


Corneas," published in the April ARCHIVES (1989;107:512-518), the color scale for 
Figs 1 and 2 was omitted from page 513. The color scale is the same as for Figs 3 
through 6 on pages 514 and 515. 
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P 4 Risk 
A7 Management 
Resources at 


Your 
Fingertips 


Today, the challenge for physicians and 
health care institutions to maintain and 
improve the quality of care is greater than 
ever. The changing environment of medicine 
increasingly demands innovative responses 
from the profession. And, increasingly, 
physicians and institutions are responding. 


The Compendium of Patient Safety and 
Medical Risk Management Programs is a 
comprehensive listing of patient safety/risk 
management resources available from the 
AMA/Specialty Society Medical Liability 
Project, the American Medical Association, 
the Council of Medical Specialty Societies, 
the Physicians Insurers Association of 
America, national medical specialty 
organizations and state medical associations. 


Featuring 
Capsule 
Program 
Descriptions 
and 
Complete 
Index 





This is a one-of-a-kind compilation, a 
uniquely comprehensive guide to such 
resources as: 


Guidelines and policy statements - Committee 
and task force activities * Courses and seminars 
* Self-assessment programs * Data banks * 
Research projects * Publications, from manuals 
and books to newsletters and pamphlets - 
Clearinghouses, resource centers, 
bibliographies - Videotapes, audiotapes, slide 
programs x 


Purchase Includes Periodic Updates 





OP140 3-ring binder, approximately 175 pp., 
$50.00 per copy 


For more Information 
calltoll-free 1-800-621-8335 
(In Illinois, call collect 312-645-4987) 








Designed to 
, the Bes.! 


For fifteen years, Perkins Tonometers have reigned as the very 

finest hand-held ‘Goldman’ applanation tonometers in the world. 

Our Mk 2 takes the best features of our earlier models, combined 

with the input of practitioners from around the globe, to create a 
tonometer so precise and convenient that it has become a standard 

by which all others are judged. And Clement Clarke helps maintain 

the accuracy and performance of your Perkins Tonometer with our — 
innovative new Perkins Recertification Program (PRP). 

Of course affordability is just as important =~ ~~ 
as performance, which is why the Mk 2 is A 
still one of the lowest priced tonometers on | 
the market. With a design and features like — h 
these, it's obvious why the Perkins Mk 2 is... X JANE 
The tonometer held in the highestesteem! ~~ —- [^ Vl 





» The genius of Goldman applanation Eu 
tonometry in a compact, ergonomic / 

design allows readings to be taken with 
the patient in any position. 


»Choice of power sources, high-power 
mercury battery, standard AA batteries 
or rechargeable cells. 


> Twin illumination lamps will assure 
excellent fluorescence of the area of 
applanation. 


»Verifiable accuracy: The Mk 2 can 
be checked quickly and easily for 
pinpoint accuracy. 


»Clement Clarke's reputation for 
quality and commitment. 


To find out more about the Perkins 
Mk 2 or Clement Clarke's new 
Perkins Recertification Program 
please send this request to: 
Clement Clarke Corporation 
or call at 1-800-848-8923. 





Please send information on the Perkins Mk 2 and Perkins Recertification Program. 
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Address | 
City State Zipcode 

Phone Number ( ) 
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I Knew... 
I Should Have Called Lombart 


Are you tired of waiting for your instruments Our offices coast to coast allow us to give not just 
to arrive? Have you been delivered excuses instead better service, but the best. 
of what you ordered? You should have listened r * Commitment. Responsibility. Attention 
to your colleagues when they told you to I to detail. Responsiveness to customer 
call Lombart. hl - needs. On-time delivery. Integrity. 
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Today's market is flooded with in- | & Trust. Products customers need. When 
IES ED 


strument dealers. Many are retailers, 
labs, or undercapitalized one-man shows 
that disappear as fast as they appear. 
Since 1980, over halfa dozen large instru- 
ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
After nearly half a century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses... 
JUST OPHTHALMIC INSTRUMENTS. 
Our $6 million inventory allows 
us to deliver equipment, not excuses. 


they need them. At a reasonable price. 
Its no wonder why... 






NO ONE SELLS MORE THAN LOMBART. 
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LOMBART INSTRUMENT COMPANY + 3335 croft st. * norfolk, va 23513 * FAX (804) 855-1232 + (804) 853-8888 + (800) 446-8092 
LOMBART INSTRUMENT SOUTHWEST > 801 ave. k « plano, tx 75074 * FAX (214) 423-6847 + (214) 881-8303 - (800) 443-0120 
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Portrait of Noncompliance 


"Did | take my eye drops this morning? 
Or, was that yesterday?" 





When multiple-drug regimens 
create multiple-drug problems, you 
can help make sure compliance isnt 
among them. 

Prescribe the only pilocarpine with 
the compliance-encouraging "C Cap" 
advantage— Pilagan"" with C Cap" 
Compliance Cap. 

ONLY PILAGAN" WITH C CAP 
ENCOURAGES PROPER COM- 
PLIANCE BY: 

- Tracking the next dose to be taken, 

- Providing a means for others to 
monitor compliance, 

e Minimizing confusion for patients 
on multidose therapy or multiple 
medications, and 

- Offering the cooling, soothing 
effects of Liquifilm® (14% polyvinyl 
alcohol). 


Please see adjacent page for brief 
summary of prescribing information. 








«  Pilagan™ 
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BS Pilagan™ (pilocarpine nitrate) 
graded Liquifilm® sterile ophthalmic 
e "CCap" solution with 


P OLD CAP C Ca p 


Compliance Cap Q.I. D. 
15 mL 


Sip. Pilagan wih C Car 


= ALLERGAN PHARMACEUTICALS 
= i ot of Allergan, Inc., Irvine, CA 92713 


ENCOURAGE COMPLIANCE. 
PILAGAN" WITH € CAP" 
COMPLIANCE CAP 


* Tracks next dose to be taken, 

* Provides a means for others to monitor compliance. 

* Minimizes confusion for patients on multidose 
therapy or multiple medications, and 

e Offers the cooling, soothing effects of Liquifilm® 
(1.4% polyvinyl alcohol) 


PILAGAN™ (pilocarpine Fiume) 


Liquifilm® sterile ae. solution wit 


C CAP” Compliance Cap Q.I.D. 
15 mL 
INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 1) The control of intra- 
ocular pressure in glaucoma. 2) Emergency relief of mydriasis in an acutely glauco- 
matous situation. 3) To reverse mydriasis caused by cycloplegic agents. 
CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in persons showing 
hypersensitivity to any of its components. WARNINGS: Pilocarpine is readily absorbed 
systemically through the conjunctiva. Excessive application Aeris may elicit 
systemic toxici sb id, in some individuals. PRECAUTIONS: General: Pilocarpine 
has been reporte ed to elicit retinal detachment in individuals with pre-existing retinal 
disease or predisposed to retinal tears. Fundus examination is advised for all patients 
prior to initiation of pilocarpine therapy. Carcinogenesis, mutagenesis and impair- 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the potential of these effects. Pregnancy Category C: Animal reproduction studies 
have not been conducted with pilocarpine. It is also not known whether pilocarpine 
can cause fetal harm when administered to a pregnant woman or can affect reproduc- 
tion capacity. Pilocarpine should be given to a pregnant woman only if clearly needed. 
c Use: Safety and effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions associated with topical pilocarpine therapy include: 
visual blurring due to miosis and accommodative spasm, poor dark adaptation caused 
by the failure of the pupil to dilate in reduced illumination, and conjunctival hyper- 
emia. Miotics have been reported to cause lens opacities in susceptible individuals 
after prolonged use. Systemic reactions following topical use of pilocarpine are rare. 


ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
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HEAD, DEPARTMENT OF OPHTHALMOLOGY 
University of Illinois College of Medicine at Chicago 


CHIEF, DEPARTMENT OF OPHTHALMOLOGY 
Michael Reese Hospital and Medical Center 


CHIEF OF OPHTHALMOLOGY 
University of Illinois Eye and Ear Infirmary 


The University of Illinois College of Medicine at Chicago and Michael Reese 
Hospital and Medical Center invite applications and nominations for the 
position of Head/Chief of the Department of Ophthalmology. The 
Head/Chief will lead the Ophthalmology program of two of Chicago's most 
important medical institutions, both with a long history of academic 
excellence and outstanding patient care. The Lions of Illinois Eye Research 
Institute, a part of the University of Illinois and adjacent to the Illinois Eye 
and Ear Infirmary, is a focal point for research excellence and advances in 
the field of Ophthalmology. 


Candidates should be Diplomates of the American Board of Ophthalmology 
(or equivalent), have had substantial scholarly productivity in the field, 
and have demonstrated ability to provide dynamic leadership in adminis- 
tering a comprehensive program of patient care, education, and research in 


Ophthalmology. 
Interested individuals should send a curriculum vitae to: 


Lawrence M. Solomon, MD 
Chair, Search Committee 
Professor and Head 
Department of Dermatology 
University of Illinois 

College of Medicine at Chicago 
808 South Wood Street 
Chicago, IL 60612 


The University of Illinois at Chicago is an 
affirmative action/equal opportunity employer 





DIRECTOR OF 
GLAUCOMA RESEARCH 


NORTHWESTERN UNIVERSITY 


Academic position for MD or PhD beginning Jan 1, 1990, at 
Associate or full Professor level: includes supervision of basic 
glaucoma research and clinical practice if candidate is an 
MD. 


Women and minorities are encouraged to apply. 


Send Curriculum Vitae to: 


Lee M. Jampol, Chairman 
Department of Ophthalmology 
303 E. Chicago Avenue 
Chicago, IL 60611 





JOB OFFER FOR 
PEDIATRIC OPHTHALMOLOGIST 


Pediatric ophthalmologist with specialty in 
cornea and external diseases sought. Duties 
include the development of the specified areas 
of practice, patient treatment (both inpatients 
and outpatients), research in ophthalmology, 
teaching of ophthalmology residents and 
fellows, as well as medical students. The suc-  . 
cessful applicant will be a medical doctor who 
has completed five years of residency and 
fellowship, as well as post-graduate training in 
ophthalmology, pediatric ophthalmology and 
corneal disease. Three years experience in the 
position required. Salary: $150,000 per annum 
for this full-time position. 


Please send response and resume fo: 
Pennsylvania Job Service North 
1122 Western Avenue 
Pittsburgh, PA 15233 


Reference Job Order No. 3848965 
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Court Upholds Ruling in Radial Keratotomy Suit 


CHICAGO—The US Court of Appeals of the Seventh 
Circuit ruled on March 3 that the American Academy of 
Ophthalmology (AAO) did not violate federal antitrust 
laws when it published statements urging caution concern- 
ing radial keratotomy. The court upheld on appeal the 
findings of a trial court that absolved the Academy last 
May.' 

The court's decision seems to resolve the legal entangle- 
ment over the controversial surgical procedure that has 
occupied ophthalmologists on both sides for most of this 
decade. 

In 1980, the AAO, endorsing the view of the National 
Advisory Eye Council a year earlier, issued a press release 
stating that radial keratotomy was an experimental proce- 
dure and urging patients, ophthalmologists, and hospitals 
to approach the surgery with caution until controlled 
clinical studies could be completed. 

On February 19, 1982, a class-action lawsuit was filed 
against physicians involved in the Prospective Evaluation 
of Radial Keratotomy (PERK) Study, members of the AAO 
Board of Directors, members of the National Advisory Eye 
Council, officials of the National Eye Institute, and the 
National Eye Institute itself. The plaintiffs, Drs Leo Bores 
and Robert Marmer and seven of their patients, including 
Lloyd Vest, alleged that the defendants had conspired to 
restrain trade by engaging in a national group boycott of 
radial keratotomy and sought damages in the amount of 
$26 million? The Vest case was settled in May 1985 for 
$250,000. 

While settlement negotiations in the Vest case were 
going on, Dr Ronald A. Schachar and eight other ophthal- 
mologists brought suit against the AAO and three mem- 
bers of its Board of Directors in the US District Court in 
Chicago. The Schachar suit alleged that the defendants 
had instituted "a national boycott...intended to ban, 
prohibit and restrain the individual plaintiffs-ophthalmol- 
ogists engaged in private practice...from further per- 
forming [radial keratotomy]....'? The plaintiffs sought 
damages of $11 million under sections 1 and 2 of the 
Sherman Antitrust Act. In antitrust law, if actual dam- 
ages are proved, the award to the plaintiffs is trebled. 

In both the Vest and Schachar cases, the plaintiffs 
charged that the defendants engaged in three general 
types of conduct that constituted violation of the Sherman 


a Act: 


Michael D. Springer, 
Section Editor 
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1. The “branding of radial keratotomy as 'experimen- 
fal.” 

2. The publication of pronouncements and encourage- 
ment of national and governmental organizations to issue 
statements labeling radial keratotomy as “experimental” 
and encouraging ophthalmologists to refrain from per- 
forming the procedure until it received further scientific 
study. 

3. Attempts by some of the defendants to encourage 
state and local ophthalmologic societies to declare the 
procedure experimental and to discourage performance of 
the operation.’ 

This labeling, the Schachar plaintiffs declared, was 
meant to influence insurance companies so that they would 
not reimburse for the procedure. 

“This designation of RK [radial keratotomy] as ‘experi- 
mental’ was thought by the defendants to be accurate and 
necessary to impress upon the medical community and the 
public that the procedure had not been studied adequately 
enough to establish its safety and efficacy,” according to 
William S. Duffey, Jr, one of the defense attorneys in the 
Vest case. "The defendants contended that the issuance of 
statements urging caution in the performance of the 
procedure was a reasonable and responsible way to dis- 
courage the rapid proliferation of the procedure until it 
could be clinically studied in the United States.” 

Schachar v American Academy of Ophthalmology was 
heard during a 4-week trial in late April and May 1988 in 
Chicago. On May 3, the jury returned a verdict in favor of 
the defendants, finding that the restraint in which the 
AAO had participated was reasonable and therefore not 
illegal. The plaintiffs appealed the decision. 

On March 3, 1989, the Seventh Circuit Court upheld the 
decision of the lower court and declared that the AAO’s 
action did not constitute restraint of trade. The court 
concluded, “The Sherman Act is not a code of medical 
ethies or methodology, and whether radial keratotomy is 
'experimental' is a medical rather than legal question." 

MICHAEL SPRINGER 


1. Teo P. Academy cleared in restraint of trade suit. Arch 
Ophthalmol. 1988;106:889. 

2. Lloyd Vest et al v George O. Waring et al, C82-325(A) (ND Ga 
1982). 

3. Ronald A. Schachar et al v American Academy of Ophthal- 
mology Inc et al, 84 C 4770 (ND IIl 1984). 

4. Duffey WS Jr. Radial keratotomy on trial, I: new surgical 
procedures and the antitrust laws. J Refract Surg. 1988;4:232- 
239. 
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Vitreous Microsurgery, ed 2, by 
Steve Charles, 235 pp, with illus, Balti- 
more, Williams & Wilkins, 1987, $52.95. 


When Robert Machemer, MD, 
designed his vitreous infusion suction 
cutter (VISC) in 1970, he was seeking 
an instrument to replace cellulose 
sponge vitrectomy  popularized by 
David Kasner, MD. It soon became 
apparent that  trans-pars plana 
vitrectomy, first used by Machemer to 
clear chronic vitreous hemorrhage, 
was a major revolution in posterior 
segment surgery. 


“Dr 
background 
through..." 


Charles' 
elegantly 


engineering 
comes 


The VISC, called a multifunction 
probe because it combines infusion, 
suction, cutting, and illumination in 
one instrument, was subsequently 
replaced by the O'Malley ocutome, 
which separated the infusion, endoil- 
lumination, and suction-cutting func- 
tions of the VISC into trans-pars pla- 
na infusion sutured to the sclera, and 
separate openings for the endoillumi- 
nator and the suction cutter. Howev- 
er, it was Steve Charles, MD, who took 
an innovative systems approach to the 
O'Malley instrumentation by provid- 
ing vitreoretinal surgeons with such 
techniques as vacuum cleaning of 
preretinal hemorrhage, fluid-air ex- 
change, internal drainage of subreti- 
nal fluid, endophotocoagulation, bipo- 
lar bimanual diathermy, and scissors 
segmentation and delamination of 
epiretinal membranes. 

With the aid of photographs, draw- 
ings, and tables, Dr Charles updates 
and describes his latest techniques in 
this rapidly changing field. This sec- 
ond edition is well organized, with 
particularly good chapters on prolif- 
erative diabetic retinopathy, prolifer- 
ative vitreoretinopathy, retinopathy 
of prematurity, and giant retinal 
breaks. There are excellent technical 
suggestions to help avoid complica- 
tions. Dr Charles' engineering back- 
ground elegantly comes through in 
the discussions of various forces at 
work in the vitreous cavity during 
vitreous surgery. 
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I have minor complaints about the 
excessive use of abbreviations, which 
required frequent referral to the 
appendix for clarification. One trou- 
blesome sentence is, "It should be 
recognized that an ERM is contiguous 
with the PHF in the areas not having 
a PVD." In addition, some tabular 
flowcharts were unnecessarily com- 
plex. Nevertheless, this is a state- 
of-the-art book in vitreoretinal sur- 
gery that must have a place on the 
bookshelves of all vitreous surgeons. 

ARNOLD J. KROLL, MD 
Boston 


Surgical Treatment of Ocular 
Inflammatory Disease, by Joseph B. 
Michelson and Robert A. Nozik, 240 pp, 
with 117 illus, Philadelphia, JB Lippincott, 
1988, $49.50. 


With this book, the authors have 
addressed an important and neglected 
subject. As they state in the introduc- 
tion, the days of universal failure 
when operating on patients with uve- 
itis are over. The book is an expansion 
of Michelson and Nozik’s chapter, 
"Uveitis Surgery," in Duane's Clinical 
Ophthalmology, and they have been 
largely successful in providing infor- 
mation not found in other works. As 
the authors state, "In order to be 
successful in operating on uveitis 
patients, the ophthalmic surgeon 
must go beyond the diagnosis of idio- 
pathic uveitis in the majority of 
cases." 

A fine introduction outlines a prac- 
tical approach to the initial evalua- 
tion of the patient with uveitis. The 
three chapters coauthored by Mitchell 
H. Friedlaender, “Paracentesis of the 
Eye," "The Immunology of Uveitis," 
and “Corneal Disease and Surgery 
Associated With Uveitis,” are up to 
date and provide useful information 
not readily available elsewhere. The 
references are excellent. Useful surgi- 
cal tips are available in Michelson’s 
chapters “Vitrectomy,” “Inflammato- 
ry Retinal Detachment,” and “Intra- 
ocular Foreign Body With Uveitis or 
Retinal Detachment.” 

Unfortunately, not all of the chap- 
ters are up to date. In the chapter 
"Glaucoma," for example, 8-blockers 
are cited only in passing, and there is 


no mention of the use of aminocaproic 
acid in a discussion on the manage- 
ment of traumatic hyphema. In the 
chapter “Cataract Extraction in 
Patients With Uveitis,” the use of 
intraocular lenses in patients with 
uveitis is proscribed, while in the 
introduction the authors suggest that 
intraocular lenses may be considered 
when uveitis “becomes quiescent of its 
own natural history,” despite the pro- 
liferation of reports in recent years of 
successful lens implantation in other 
cases of uveitis. Perhaps these sec- 
tions were written several years ago. 
A clue to this is a reference that is 
listed as “in press” but was published 
in 1984. 

One of the longest chapters in the 
book, “Drug Abuse and Ocular Dis- 
ease,” has a useful summary with 
good photographs and references. Its 
inclusion in this book is somewhat 
confusing, since the focus of the text is 
on surgery. This section does address 
the 
endophthalmitis, but the subject had 
already been addressed in a previous 
chapter. Again, some statements are 
strikingly dated: “At the present time, 
the retrovirus as the etiology of AIDS 
[acquired immunodeficiency] is the 
hypothesis with the most convincing 
evidence, although other viruses... 
have been suggested as possibilities.” 
This is an example of inadequate dili- 
gence on the part of the authors since 
human immunodeficiency virus is 
mentioned in the introduction. 


"Unfortunately, not all of the 
chapters are up to date." 


Careless editing distracts the read- 
er throughout the book. Figures are 
misnumbered in the text, one photo- 
graph is printed upside down and used 
twice, and at least two dozen words 
and names are misspelled. Several of 
the clinical photographs are inade- 
quate, but overall the book is attrac- 
tive and well illustrated. 

I recommend several chapters of 
this book to all surgeons who operate 
on patients with uveitis. Portions of » 
the book are unique, providing infor- — 
mation that was previously hard to 
find. This field is rapidly changing, 


Book Reviews 


management of drug-related 


and I look forward to reading an 
updated and more carefully edited 
second edition. 
MICHAEL RAIZMAN, MD 
Boston 


Uveitis: Fundamentals and Clinical 
Practice, by Robert B. Nussenblatt and 
Alan G. Palestine, 432 pp, with 219 illus, 
Chicago, Year Book Medical Publishers 
Inc, 1988, $48. 


The study of uveitis may be the 
most rapidly evolving of the subspe- 
cialties within ophthalmology. Recent 
years have brought many advances in 
diagnostic and therapeutic ap- 
proaches, as well as a rapid expansion 
of our understanding of its patho- 
physiologic features at a cellular level. 
Newly defined disorders, including 
human immunodeficiency virus and 
cytomegalovirus retinitis, chronic en- 
dophthalmitis, and autoimmune endo- 
theliopathy, have fallen within the 
scope of uveitis as a subspecialty. It 
has been a challenge for the general 
ophthalmologist to keep abreast of 
advances in this area during this peri- 
od of change. 

Drs Nussenblatt and Palestine have 
aimed to “provide the resident in oph- 
thalmology and the practicing oph- 


~~ thalmologist with a comprehensive 


volume that presents both immuno- 
logic fundamentals as they relate to 
uveitis and the practical approach to 
the treatment of these diseases," and 
they accomplish this task admirably. 


“The careful organization of 
chapters and avoidance of repeti- 
tion are merits of this work.” 


This book is well arranged and logi- 
cally sequenced. In part I, an excellent 
chapter covering concepts of disease 


-¢ pathogenesis follows an introductory 


review of immunologic basics. Much 
of this current material will be of 
particular value to practitioners sev- 
eral years or more out of medical 
school. Parts II and III briefly present 
the authors' approach to history tak- 
ing, ocular examination, laboratory 
testing, and therapy. Parts IV and V 
include concise, well-written chapters 
covering most currently recognized 
entities in uveitis, including their 
treatment. 

Residents and practicing ophthal- 
mologists will utilize this book as a 
handy reference when seeing patients 


^w with uveitis. The careful organization 


of chapters and avoidance of repeti- 
tion are merits of this work. Presenta- 
tions covering steroid therapy, 
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Behcet’s disease, pars planitis, and 
postsurgical uveitis are particularly 
comprehensive. Surprisingly, howev- 
er, there is no discussion of the issue 
of intraocular lens implantation in 
patients with uveitis. The chapter on 
retinal vasculitis covers Behcet's dis- 
ease well, but barely mentions other 
systemic vascular diseases that may 
be present with retinal vasculitis, 
some of which require cytotoxic ther- 
apy for control. 

Also disappointing is the limited 
discussion of what constitutes an 
appropriate laboratory work-up for 
various forms of uveitis. The authors 
provide a comprehensive listing of 
available tests, but they fail to inform 
the reader which ones are indicated, 
for example, for patients with recur- 
rent uveitis. 

This reviewer believes that the 
authors overemphasize the usefulness 
of cyclosporine at the expense of cyto- 
toxic chemotherapy. They state, for 
example, "In our approach, it is clear 
that these agents [cytotoxic drugs] 
would be used as the third line drug," 
that is, following corticosteroids and 
cyclosporine. This enthusiasm for 
cyclosporine overshadows the discus- 
sion of immunosuppressive agents, 
which have a well-recognized role in 
the therapy of uveitis. The authors do 
not sufficiently emphasize the high 
incidence (ie, virtually 100% ) of renal 
toxicity following systemic adminis- 
tration of cyclosporine. Furthermore, 
only nonconclusive data are available 
concerning topical administration of 
this drug. Readers should be aware 
that the role of cyclosporine in 
patients with uveitis remains to be 
defined, despite the encouraging early 
results from the National Institutes of 
Health group. However, this book 
does give readers valuable insight into 
indications and complications of cyto- 
toxic chemotherapy. 

Overall, Uveitis: Fundamentals and 
Clinical Practice is a valuable addi- 
tion to the limited library of texts 
devoted to uveitis currently available. 
It is a highly readable, comprehen- 
sive, and reasonably priced book to 
which many ophthalmologists will 
want to refer. 

JOSEPH TAUBER, MD 
Boston 


Retinal Diseases: Biomedical 
Foundations and Clinical Manage- 
ment, edited by Mark Tso, 480 pp, with 
288 illus, Philadelphia, Pa, JB Lippincott, 
1988, $65. 


This multiauthored book is based on 
the International Symposium on the 


Retina: Clinical and Basic Aspects 
that was held in conjunction with the 
Congress and Scientific Meeting of 
the Chinese Medical Association in 
the summer of 1983 in Taipei, Taiwan. 
The book contains seven sections, con- 
sisting of 29 chapters. It offers a 
broad overview of the retina, from 
both the clinical and basic scientists’ 
viewpoints. 


“...written for ophthalmolo- 
gists who are interested in the 
basic biomedical information...” 


The first part consists of four chap- 
ters on retinal structure, biochemis- 
try, electrophysiology, and animal 
models of retinal degeneration. Part 2 
covers the functional organization 
and development of the retina. The 
third part of the book consists of four 
chapters on retinal and choroidal cir- 
culatory regulation and vascular dis- 
eases. The fourth section is made up of 
seven chapters on degenerative dis- 
eases of the macula and retina. 
Inflammatory diseases are covered in 
the fifth part of the book. Part 6 
contains six chapters on retinal 
detachment and vitreal diseases. Part 
7 consists of two chapters on tumors. 

Retinal Diseases is well illustrated 
with black-and-white photographs, 
graphs, and data figures. The overall 
quality of the figures is good. 
Although the symposium on which 
the book is based was held in 1983, the 
book itself contains material from 
about 1985. One of my objections to 
texts that are based on symposia is 
that the end result is usually uneven, 
with marked variations in both the 
style and quality of the contributing 
chapters. This book avoids that pitfall 
and maintains a fairly consistent lit- 
erary style. That is a significant 
accomplishment for the authors and 
particularly for the editor, Dr Mark 
Tso. 

Overall, this was a delightful book 
to review. I read it cover to cover in 
one weekend, finding it similar to the 
proverbial novel that you just can't 
put down. The authors are recognized 
authorities on their topics and provide 
good reviews of their subjects. The 
editor states that it “was written for 
ophthalmologists who are interested 
in the basic biomedical information 
that led to clinical progress and for 
basic scientists who are interested in 
the manifestations of disease process- 
es." I think that the authors have 
achieved this goal. 

JoHN WEITER, MD 
Boston, Mass 
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News and Comment 





Morton F. Goldberg, MD, to 
Head The Wilmer Institute.— 
After 19 years as professor and 
chairman of the Department of 
Ophthalmology at the Universi- 
ty of Illinois at Chicago, Morton 
F. Goldberg, MD, will be leaving 
to become professor and chair- 
man of the Department of Oph- 
thalmology at The Wilmer Eye 
Institute, The Johns Hopkins 
Hospital, Baltimore, Md. Dr 


Goldberg will continue as editor- 
in-chief of the Archives of Oph- 
thalmology, and all administra- 
tive responsibilities 


for the 
ARCHIVES will be transferred to 
The Wilmer Institute as of July 
1, 1989. Jacob Wilensky, MD, will 
be interim acting chairman at 
the University of Illinois De- 
partment of Ophthalmology, 
beginning July 1, 1989. 

Effective July 1, 1989, please 
address all correspondence re- 
garding the ARCHIVES to Morton 
F. Goldberg, MD, Editor, Ar- 
chives of Ophthalmology, The 
Wilmer Institute, The Johns 
Hopkins Hospital, 600 N Wolfe 
St, Baltimore, MD 21205; 
(301)955-1358. 


Obituaries 


BLACK, Vernon Anderson, 74, Whar- 
ton, Tex; University of Texas Medical 
School at Galveston, 1937; certified by 
the American Board of Ophthalmolo- 
gy; died November 9, 1988. 


CARLTON, Benjamin Hardy, 85, Free- 
port, Tex; University of Texas Med- 
ical School at Galveston, 1930; cer- 
tified by the American Board of Oph- 
thalmology; died November 28, 
1988. 


CAVALIERE, Joseph T., 72, New Hyde 
Park, NY; New York Medical College, 
1941; residency, Veterans Administra- 
tion Medical Center, Memphis, Tenn, 
1948; certified by the American Board 
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Second Annual Paul Henkind Sympo- 
sium to Be Held.— The Albert Einstein 
College of Medicine, Bronx, NY, will 
hold the Second Annual Paul Henkind 
Symposium on June 2, 1989, at the 
Grand Hyatt Hotel, Park Avenue, 
New York, NY. The symposium is 
designed for the general practice oph- 
thalmologist and will cover new and 
practical aspects of diagnosis and 
treatment. Six category 1 AMA credit 
hours will be awarded on completion. 
The tuition fee is $250. For more 
information, call (212) 920-6675. 


New Appointees to the National Advi- 
sory Eye Council.— Three new mem- 
bers have been appointed to the 
National Advisory Eye Council, the 
principal advisory body to the Nation- 
al Eye Institute (NEI), Bethesda, Md. 
They are John W. Chandler, MD, of 
Madison, Wis, and Melvin D. Shipp, 
OD, and David L. Sparks, PhD, both of 
Birmingham, Ala. The council in- 
cludes 12 public members and five ex 
officio representatives. The new coun- 
cil members, to serve 4-year terms 
ending November 30, 1992, will advise 
NEI director Carl Kupfer, MD, and his 
staff on the awarding of grants for 
vision research and research training. 
They will also provide guidance on 
NEI research poliey and program 
planning. 


of Ophthalmology; died December 17, 
1988. 


GREENBERG, Ben N., 85, York, Neb; 
University of Nebraska College of 
Medicine, 1928; died September 24, 
1988. 


HAUK, William Lester, 75, Oakmont, 
Pa; University of Pittsburgh School of 
Medicine, 1937; certified by the Amer- 
ican Board of Ophthalmology; died 
February 13, 1988. 


HENDRICKS, Louis J., 93, Cincinnati, 
Ohio; University of Cincinnati College 
of Medicine, 1922; certified by the 
American Board of Ophthalmology; 
died December 20, 1988. 





Robert E. Kalina, MD 


Association of University Professors of 
Ophthalmology Appoints Executive Vice 
President.—Robert E. Kalina, MD, pro- 
fessor and chairman, Department of 
Ophthalmology, University of Wash- 
ington, Seattle, has been named exec- 
utive vice president of the Association 
of University Professors of Ophthal- 
mology (AUPO). Founded in 1966, the 
AUPO includes in its membership 
heads of departments and divisions of 
ophthalmology in US medical schools, 
heads of other units housing ophthal- 
mology residencies, and directors of 
accredited ophthalmology residency 
training programs. 


RASHID, Jon A., 44, New York, NY; 
University of California San Francis- 
co School of Medicine, 1972; died May 
20, 1988. 


SULLIVAN, Charles Timothy, 82, Roch- 
ester, NY; State University of New 
York-Health Sciences Center at Syra- 
cuse, 1932; residency, Strong Memori- 
al Hospital, University of Rochester 
(NY), 1935; certified by the American 
Board of Ophthalmology; died Decem- 
ber 5, 1988. 


WATSON, Richard Edward, 74, St Paul, 


r- 


Minn; University of Minnesota Medi- .«- 


cal School, 
American Board of Ophthalmology; 
died December 23, 1988. 
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If You Can See It, 
ow You Can Treat It 





Treat the Peripheral Fundus 


How many times have you had to stop your laser pro- 
cedure to examine the peripheral fundus with an indirect 
ophthalmoscope? 


Laser Indirect 


d HGM has now made it possible to treat areas that you could 





only examine before. The exceptional view offered by the 
new HGM Laser Indirect Ophthalmoscope makes it possible 
for you to see and treat the peripheral fundus like never 
before. With spot sizes ranging from 200 to 1000 microns, 

it facilitates a wide range of procedures from retinopexy to 
PRP. And as with all HGM accessories, connecting the 
Laser Indirect Ophthalmoscope is quick and easy. 


HGM continues to make your 
laser even more versatile. 


Designed for Your Laser 















The new HGM M-25 Slit Lamp is 
designed to precisely control and 
deliver laser energy. Microscope 
and laser beam are focused on the 
same plane at all times, 
giving you the accuracy 
needed for delicate macular 
treatments, combined with 
the power needed to perform 
iridotomy or trabeculoplasty with 
confidence. And setting up an HGM 
laser and slit lamp system 
will save you 
about $10,000 over 
other systems now available. 





To learn how an HGM laser and ophthalmic accessories can add a 
new dimension of precision and efficiency to your practice, call us 
at 1-800-447-0234. 
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ENCOURAGE COMPLIANCE. BETAGAN" WITH C CAP: 


e Tracks next dose to be taken. 


v «Minimizes confusion for patients on multidose therapy or multiple medications. 


Betagan®*(tevobunoto! HCl) 0.5% 
Liquifilm® sterile ophthalmic solution with 


C CAP" 


Compliance Cap Q.D. 


Betagan*(tevobunoio! HCl) 0.5% 
Liquifilm® sterile ophthalmic solution with 


C CAP" 


Compliance Cap B.I.D. 


z. INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic solution has 
been shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or with a history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
and third degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically. The same adverse reactions found with systemic 
administration of beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including death due to bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support of 

j the circulation in individuals with diminished myocardial contractility, and 
* its inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. /n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period of 
time can, in some cases, lead to cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-allergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta; 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
„elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
_f agents may be appropriate. If necessary during surgery, the effects of beta- 
~~ adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
orto diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrofoxicosis: 
Beta-adrenergic blocking agents may mask certain clinical signs (eg., 
tachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HC!) 0.5% Liquifilm® sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity to other beta-adrenoceptor blocking agents. Use with caution in 
* patients with known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone. Muscle Weakness: Beta-adrenergic blockade has been reported 


to potentiate muscle weakness consistent with certain myasthenic symptoms 
(ag., diplopia, ptosis and generalized weakness). Drug Interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN 
and epinephrine may occur. Close observation of the patient is recommended 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive effects and 
the production of hypotension and/or marked bradycardia, which may 
produce vertigo, syncope, or postura! hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: |n a life- 
time oral study in mice, there were statistically significant (p < 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
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Editorial 





The 50-Year Epidemic of 
Pseudophakic Corneal Edema 


he development of safe, effective intraocular 

lenses to eliminate the optical scourge of aphakia 
is one of the jewels in the diadem of modern ophthal- 
mology. But an epidemic of pseudophakic corneal 
edema has plagued this triumph, striking some 5% 
to 10% of patients with cataract who have received 
certain styles of intraocular lenses.' Even though the 
number of new cases is receding, the toll of the 
epidemic, which began around 1950, will extend into 
the next century. 


See also p 660. 


ORIGINS OF THE EPIDEMIC 


The development of the intraocular lens has 
involved surgical techniques and lens designs that 
damaged the corneal endothelium, either acutely 
during surgery or chronically during the years there- 
after, producing pseudophakic corneal edema. (I pre- 
fer the term pseudophakic corneal edema to its 
jargon cousin pseudophakic bullous keratopathy 
because most of these corneas have only edema, not 
bullae.) 

The litany of flawed lens designs and inadequate 
manufacturing techniques has been sung by every 
reviewer.” They include the anterior chamber lenses 
of the 1950s by Strampelli, Choyce, Dannheim, and 
Barraquer; the iris-supported lenses of the 1950s and 
1960s by Epstein, Binkhorst, Fyodorov, and Worst; 
and the closed- or round-loop anterior chamber 
lenses of the 1970s and 1980s by Leiske, Hessburg, 
and Azar. Most ophthalmic surgeons have aban- 
doned these styles (although a few continue to use 
them successfully) in favor of a flexible-loop, poste- 
rior chamber lens, which was used in approximately 
94% of cases in 1987, or a one-piece, open-loop, 
anterior chamber lens, which was used in approxi- 
mately 6% of cases in 1987.5 The cumulative compli- 
cations of these and other lens styles have created an 
epidemic of pseudophakic corneal edema. 

Although most people think of epidemics as 
“things that are catching,’ modern epidemiologic 
and public health investigators apply the term to a 
broad spectrum of health-related problems, from 
acquired immunodeficiency syndrome to handguns. 
For example, Paul Stoley, MD, president of the 
American College of Epidemiology, recently 


Observed: “Homicide is not a disease, but it is a 


publie health condition whose primary cause is pos- 
session of guns—and it could be considered an epi- 
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demic because of the high incidence in certain popu- 
lations."" 

In epidemiologic terms,?? pseudophakic corneal 
edema has exhibited two patterns of spread. First, it 
spread in a “propagated pattern” among the patients 
of eye surgeons whose use of “blighted” intraocular 
lenses spread from one susceptible ophthalmologic 
host to another. The generation time—the time 


between the use of a lens style by one ophthalmolo- _ 
gist and its frequent use by others—was governed by - 


authority, prestige, trendy designs, advertising, and 
early positive results. However, some groups of 
ophthalmologists exhibited “herd immunity” be- 


cause they were resistant to the spread of the 


noxious intraocular lenses. This was true in Switzer- 
land, for example, where pseudophakic corneal ede- 
ma is rare because few anterior chamber and iris- 
fixated lenses were implanted.” 

Second, the epidemic has had a “common vehicle” 
pattern of spread among patients, in which some 
ophthalmic surgeons served as unwitting “vectors” 
between well-intentioned manufacturers and ill- 
fated patient hosts. The epidemic curve (Figure) 
shows multiple generations of cases of pseudophakic 
corneal edema that resulted from the popularity of 
different lens styles and the severity of their flaws. 
The “incubation period” between surgery and the ap- 
pearance of corneal edema has ranged from a few 
months to a few years (mean, approximately 2 years). 

Two major factors have produced the epidemic. 
The first was the inevitable complications that are 
an intrinsic part of any experimental investigation 
of new medical technology, especially in a field in 
which the absence of good laboratory animal models 
makes humans the experimental subject. This, 
unfortunately, is part of the price of advancement in 
medical science. The second cause was socioeconom- 
ic. It pushed the number of complications beyond the 
normal level of scientific development to the level of 
an epidemic. The intense competition to develop a 
successful intraocular lens created an atmosphere in 
which enthusiastic premature claims of success over- 
whelmed both professional self-restraint and federal 
regulation. 

Professional self-restraint succumbed to the 
desire to provide advanced technology to patients, to 
the market forces of a procompetitive national eco- 
nomic mentality, and to the threat of restraint- 
of-trade lawsuits. Federal regulations faltered 
because of the unfettered use of adjunct Food and 
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Drug Adminstration (FDA) investigational studies 
that allowed the uncontrolled implantation of tens of 
thousands of a given style of lens with minimal 
reporting. This situation developed because the 1976 
Medical Device Amendments Law that authorized 
the FDA to restrict intraocular lenses to investiga- 
tional use also mandated that intraocular lenses be 
made “reasonably available." Because the core study 
groups involved only 500 cases to be reported in 
detail for each similar lens design, the FDA made 
the lenses "reasonably available" by establishing 
adjunct studies that did not require such detailed 
reporting. This provided a distinct disincentive for 
marketing firms to collect, analyze, and submit data 
to the FDA, because large numbers of lenses could be 
sold during the investigational phase, making it less 
necessary to hurry toward the premarket approval 
application. 


EXTENT OF THE EPIDEMIC 


The incidence of pseudophakic corneal edema va- 
ries, depending on the lens designs and surgical 
techniques used as well as the geographic locations 
studied. For example, long-term follow-up of the 
flexible-loop Barraquer anterior chamber intraocu- 
lar lens implanted in patients in Barcelona, Spain, in 
the 1950s showed that approximately 50% of the 
lenses were removed during the 15-year follow-up, 
most often for pseudophakic corneal edema.’ Stark 
and colleagues" have reported corneal edema in as 
many as 15% of eyes after the implantation of 
Binkhorst four-loop intraocular lenses in Baltimore, 
Md. Throughout the United States, pseudophakic 
corneal edema has become the leading indication for 
penetrating keratoplasty; Smith and colleagues” and 
Robin et al? have documented the increase in Los 
Angeles, Calif: 1947 to 1973, 0%; 1974 to 1978, 10.2%; 
and 1979 to 1983, 17.5%. In Zurich, Switzerland, by 
contrast, Bigar et al" reported that only 3% of 
penetrating keratoplasties between 1980 and 1987 
were performed for the treatment of pseudophakic 
corneal edema. Fortunately, because the incidence of 
pseudophakic corneal edema is on the order of 0.1% 
with the currently used posterior chamber intraocu- 
lar lenses,^*? the epidemic is subsiding. 

If one assumes that a maximum of 1 million 
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Epidemic curve for pseudophakic corneal 
edema. The total cumulative number of 
cases is unknown. The curve shows only 
the relative number of cases that have 
occurred from 1950 to 1989. The broken 
line represents the hoped-for decline in 
the number of cases. The relative num- 
ber varies regionally, depending on expo- 
sure. 


patients received a problematic anterior chamber 
or iris-fixated lens in the United States between 1978 
and 1988 and that 10% will eventually develop 
corneal edema, the epidemic will affect approximate- 
ly 100000 individuals. Assuming that 80% have one 
penetrating keratoplasty at a total cost of $10000 
each, the epidemic will sap at least 1 billion dollars in 
health care costs alone. 


MANAGEMENT OF PSEUDOPHAKIC CORNEAL EDEMA 


An extensive literature has established principles 
for the management of pseudophakic corneal edema, 
as we have summarized elsewhere,'*" and as Soong 
and colleagues" discuss in this issue of the ARCHIVES. 
These principles include the following: 

1. Early surgery can decrease the time of vision 
loss for the patient and decrease the duration of 
intraocular inflammation. 

2. Penetrating keratoplasties remain clear 1 year 
after surgery in approximately 90% of eyes. 

3. Penetrating keratoplasty can decrease the pain 
of epithelial edema and can greatly improve func- 
tional vision in patients with degenerative maculo- 
pathy or cystoid macular edema. 

4. Reconstruction of the anterior ocular segment 
with a thorough vitrectomy, an iridoplasty, and a 
gonioplasty is an intrinsic part of the surgery. 

5. Management of the intraocular lens follows the 


principle “when in doubt, take it out," but a properly - 


positioned posterior chamber lenses should be 
retained in most cases. 

6. Render the eye pseudophakic by intraocular 
lens exchange. 

As Soong and colleagues discuss,? the style and 
position of the replacement intraocular lens are not 
well established. The lens can be placed in the 
anterior chamber or the posterior chamber and, 
when in the posterior chamber, can be sutured to the 
iris or to the sclera. The authors call for a prospec- 
tive randomized trial of different techniques; such a 
collaborative trial has commenced at four institu- 
tions: Harvard University, Cambridge, Mass; Emory 
University, Atlanta, Ga; the University of Michigan, 
Ann Arbor; and the Mayo Clinic, Rochester, Minn 
(Oliver Schein, MD, written communication, Novem- 
ber 11, 1988). 
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Many preexisting events bode poorly for successful 
anatomic and visual results after keratoplasty, 
including (1) complications during the initial sur- 
gery, such as vitrectomy and iris tuck or incarcera- 
tion; (2) chronic postoperative inflammation, bleed- 
ing, or intraocular pressure elevation (the uveitis- 
glaucoma-hyphema syndrome); and (3) repeated 
operations such as intraocular lens repositioning or 
removal. Despite these problems, penetrating kera- 
toplasty and intraocular lens exchange usually 
achieve good technical results. The visual acuity 
results, however, are dismal, especially when one 
considers that over 90% of these eyes had a potential 
acuity of 20/40 or better at the time of cataract 
surgery, but that less than 50% had an acuity of 
20/40 or better after penetrating keratoplasty for 
pseudophakic corneal edema. The major causes of 
this decreased visual acuity are degenerative macu- 
lopathy and cystoid macular edema. It is possible 
that more meticulous reconstructive surgery with 
the elimination of vitreous connections to the anteri- 
or segment and of persistent intraocular inflamma- 
tion may decrease the prevalence of cystoid macular 
edema,'*" a premise needing verification. 


PREVENTION OF FUTURE EPIDEMICS 


The intraocular lens revolution is not over. The 
future is bright for further experimental investiga- 
tion in humans, including the refinement of methods 
of extracting the lens through small incisions, the 
development of foldable or expandable intraocular 
lenses, the introduction of multifocal intraocular 
lenses, the creation of cataract surgical techniques 
that allow accommodation postoperatively, and the 
improvement of viscoelastic substances and drugs 
used during surgery. 

How can we keep adverse effects at an acceptable 
level and avoid another epidemic? One way is by 
following the three Rs: research, self-restraint, and 
regulation. Meticulous laboratory and clinical 
research on new materials, devices, and techniques 
will decrease the rate of clinical complications. Self- 
restraint is already exemplified by most ophthalmol- 
ogists and includes not trivializing cataract surgery, 
subsuming personal ambition to the patient's best 
interests, and resisting the pressures to present 
premature results with excessive enthusiasm. This 
attitude does not restrict creativity or the refine- 
ment of new lenses and surgical techniques, but does 
reduce the number of attendant complications. 

Regulation by the FDA has increased. In 1985 the 
hearings on intraocular lenses before the US House 
of Representatives, chaired by Representative 
Claude Pepper, challenged the policies of the FDA 
regarding intraocular lens adjunct studies. In 
response, the FDA gradually eliminated adjunct 
studies (letters to intraocular lens sponsor from 
Kshitij Mohan, PhD, December 18, 1986 and Febru- 
ary 10, 1987, and Robert L. Sheridan, August 1, 1988) 
' over a 3-year period. None will begin after January 
1989. New styles of intraocular lenses will be investi- 
gated in two categories with more stringent report- 
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ing requirements, a core study consisting of 500 eyes, 
and a modified core study with a maximum of 2200 
eyes. This will reduce the number of new styles of 
intraocular lenses made available, as manufacturers 
find it less profitable to support the investigations. 
The fact that some 625 lens styles are now approved 
by the FDA for routine clinical use means that 
patients can avail themselves of the stupendous 
advances in technology that have resulted from the 
diligent work of many ophthalmologists and manu- 
facturers over the past 4 decades. 

As ophthalmic surgeons complete the projected 1.3 
million annual cataract operations‘ over the next few 
years, we hope that “the three Rs” of meticulous 
research, professional self-restraint, and federal reg- 
ulation will prevent another epidemic of intraocular 
lens complications while advancing the intraocular 
lens revolution. 

GEORGE O. WARING III, MD 
Atlanta, Ga 
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Implantation of Posterior Chamber 


Intraocular Lenses in the Absence of Lens Capsule 


During Penetrating Keratoplasty 


H. Kaz Soong, MD; David C. Musch, PhD; Vera Kowal; Alan Sugar, MD; Roger F. Meyer, MD 


e We retrospectively studied the clini- 
cal records and the corneal endothelial 
cell counts of 133 consecutive eyes that 
received sutured posterior chamber 
intraocular lenses during penetrating ker- 
atoplasty in the absence of lens capsular 
support. Postoperative follow-up time 
ranged from three to 24 months, with 82 
patients having at least one year of fol- 
low-up. At one year, 45.196 of these 
patients had 20/40 or better visual acu- 
ity, 30.596 had a visual acuity between 
20/50 and 20/100, and 24.496 had a 
visual acuity of 20/200 or worse. At two 
years, 63.6% had a visual acuity of 20/40 
or better, 18.2?6 had a visual acuity 
between 20/50 and 20/ 100, and 18.296 
had a visual acuity of 20/200 or worse. 
Ninety-seven percent of the grafts 
remained clear at their latest follow-up 
examination. Cystoid macular edema 
(36.4%) and age-related macular degen- 
eration (14.0%) accounted for poor visual 
acuity in most cases. Less common prob- 
lems included graft rejection, retinal 
detachment, glaucoma, and endophthal- 
mitis. At one year, the endothelial cell loss 
in the grafts averaged 19% with sutured 
posterior chamber intraocular lenses. 

(Arch Ophthalmol 1989; 107:660-665) 


orneal edema after cataract sur- 

gery with or without an intraocu- 
lar lens (IOL) is the most frequent 
indication for penetrating keratoplas- 
ty.'* Contributing factors include an 
increase in the number of cataract 
extractions, the increasing popularity 
of IOL implantation (due, in part, to 
constantly expanding indications), 
and improved keratoplasty techniques 
and results. In addition, many of the 


Accepted for publication Nov 3, 1988. 

From the Department of Ophthalmology, Uni- 
versity of Michigan Medical School, Ann Arbor. 

Reprint requests to W. K. Kellogg Eye Center, 
1000 Wall St, Ann Arbor, MI 48105 (Dr Soong). 


660 Arch Ophthalmol—Vol 107, May 1989 


problematic, now-discontinued styles 
of IOLs, implanted in the late 1970s 
and the early 1980s, are now resulting 
in corneal decompensation after a 
delay of several years. 

With penetrating keratoplasty for 
aphakic bullous keratopathy (ABK) or 
pseudophakic bullous keratopathy 
(PBK), there are advantages to ren- 
dering or leaving the operated on eye 
pseudophakic. Monocular aphakia and 
contact lenses are often poorly toler- 


See also p 657. 


ated by the elderly. Moreover, IOLs 
offer optical advantages over aphakic 
spectacles, contact lenses, and epiker- 
atoplasty. Therefore, during kerato- 
plasty for corneal edema, we fre- 
quently implant secondary IOLs in 
aphakes and exchange problematic 
IOLs for improved styles of lenses in 
pseudophakes. Until mid-1985, we 
implanted exclusively anterior cham- 
ber (AC) IOLs (ORC Stableflex) dur- 
ing keratoplasty; however, we ob- 
served that a disturbingly large num- 
ber of grafts in these eyes failed after 
two to three years. Our specular 
microscopic studies of corneal grafts 
for PBK indicated a mean endothelial 
cell loss at one year that was signifi- 
cantly higher with retained AC IOLs 
than with retained posterior chamber 
(PC) IOLs? Posterior chamber IOLs 
offer several advantages over all types 
of iris support (IS) and many types of 
AC IOLs. Not only are PC IOLs posi- 
tioned at a naturally advantageous 
site at the optical node of the eye,‘ but 
they also seem to have fewer compli- 
cations than IS or AC IOLs. These 
complications include (1) cystoid mac- 
ular edema (CME), (2) pupillary block, 
(3) uveitis-glaucoma-hyphema (UGH) 
syndrome, and (4) PBK.’ Thus, we 


investigated the use of sutured PC 
IOLs in the absence of capsular sup- 
port during keratoplasty. Our prelimi- 
nary, short-term experience has been 
reported previously in 1987 at the 
World Congress on the Cornea, Wash- 
ington, DC. We report herein our 
expanded experience with this proce- 
dure. 


PATIENTS AND METHODS 
Clinical Studies 

The Michigan Corneal Transplantation 
Patient Registry is the primary resource 
for all preoperative, operative, and postop- 
erative information on the patients in our ~ 
study. This resource is a continually 
expanding, computerized database of clini- 
cal information on patients undergoing 
penetrating keratoplasty at the University 
of Michigan, Ann Arbor, from 1980 on. 
Currently, information about 1573 kerato- 
plasties is in the registry files. 

The clinical records of all patients 
receiving a sutured PC IOL during pene- 
trating keratoplasty from December 1985 
through January 1988 were reviewed. This 
included 133 eyes (or patients) that had at 
least three months of follow-up after sur- 
gery (Table 1). One hundred eleven eyes 
had PBK and underwent penetrating kera- 
toplasty with IOL exchange for a sutured 
PC IOL. Eighteen eyes had ABK and 
received a sutured, secondary PC IOL 
implantation during keratoplasty. Four 
eyes had Fuchs' corneal dystrophy with 
cataract and were originally scheduled for 
keratoplasty, extracapsular cataract ex- 
traction, and PC IOL implantation; howev- 
er, capsular support was lost during the 
procedure (capsular rupture, broken 
zonules, or both) and a sutured PC IOL was 
used instead. Mean age at keratoplasty was 
77 years (range, 55 to 101 years). In the 
cases of PBK, the mean time between the 
original cataract surgery and keratoplasty 
was 6.5 years (range, one to 17 years); in 
the cases of ABK, the mean time was 9.6 
years (range, one to 21 years). Sixty-three 
percent were women. Postoperative follow- 
up time, measured from the date of kerato- 
plasty to the last examination, ranged 
from three to 24 months (median, 12 
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months) (Fig 1); 82 (62%) of 133 patients 
had at least one year of follow-up. 


Surgery 


All penetrating keratoplasties were per- 
formed by three of us (R.F.M., A.S., and 


Table 1.—Indications for Sutured PC 
IOL Implantation (133 Eyes)* 


Pre- 
operative 
Status 


PBK 











No. of 
Eyes Procedure 
PKP and IOL exchange 


for sutured PC IOL 










18 ABK PKP and secondary 
PC IOL 
4 Phakic PKP /ECCE with 


capsular or zonular 
breakage or sutured 
PC IOL 


* PC indicates posterior chamber; IOL, intraocular 
lens; PKP, penetrating keratoplasty; ECCE, extra- 
capsular cataract extraction; PBK, pseudophakic 
bullous keratopathy; and ABK, aphakic bullous kera- 
topathy. 


70 


No. of Patients 








era rs 
t+ d 


H.K.S.). Donor corneas, stored at 4°C in 
McCarey-Kaufman or K-sol medium, were 
used within 72 hours or eight days, respec- 
tively. All donors were younger than 65 
years of age. Endothelial cell counts were 
obtained before surgery on the donor cor- 
neas by specular micrography. 

For the surgery, a McNeill-Goldman 
ring (combined speculum and double-Flier- 
inga ring) was used to stabilize the globe. 
In all cases, a 0.5-mm-diameter difference 
was used between recipient and donor cor- 
neas. An 8.0-mm trephine was used on the 
recipient cornea in all cases, except for 
three cases that used a 7.5-mm trephine 
and one case that used an 8.5-mm trephine. 
The recipient cornea was trephined with a 
disposable trephine, and the donor cornea 
was trephined with a cornea punch-cutter 
system. With PBK, the original IOLs were 
removed. Explanted IOLs consisted of 
problematic AC IOLs, all IS IOLs, and, 
rarely, subluxated PC IOLs (Table 2). In 
85.7% of the cases, an anterior vitrectomy 
was performed with the O'Malley Ocu- 
tome. Sinskey-style angulated PC IOLs, 
with four centering holes in a 6-mm-diam- 
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Fig 1.—Follow-up status of 133 patients. 
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eter optic, were implanted in the absence 
of a lens capsule according to the method 
of Hall and Muenzler? In the initial ten 
patients, we used an IOLAB 105Q (13.5 mm 
long) PC IOL; however, we switched to the 
IOLAB 107G (14.0 mm long) for the subse- 
quent cases to assure better ciliary sulcus 
fixation. A double-armed 10-0 polypropyl- 
ene (Prolene) suture was passed in a mat- 
tress fashion through each pair of adjacent 
centering holes. The IOL was placed on the 
anterior iris to estimate placement of the 
iris fixation sutures. The double-armed 
sutures were then passed from the posteri- 
or chamber, through full-thickness mid- 
peripheral iris, into the anterior chamber. 
The sutures were placed about 2 mm 
peripheral to the pupillary border to per- 
mit adequate mydriasis for ophthalmosco- 
py and to prevent irritation and chafing of 
the pupil. The positions of the sutures, thus 
placed, corresponded closely to the loca- 
tions of the four centering holes in the 
optic. After all four polypropylene sutures 
were thus positioned, the IOL was passed 
through the undilated pupil into the poste- 
rior chamber. Before tying the polypropyl- 
ene sutures, a gentle anterior tug was 
applied to allow the haptics to nestle into 
the ciliary sulcus (Fig 2, left). The sutures 
were tied and trimmed on the anterior iris 
surface (Fig 2, right). A pupilloplasty was 
performed in three eyes that had previous 
sector iridectomies. Gentle goniosynechia- 
lysis, employing a Barraquer iris sweep, 
was performed in some eyes that had 
peripheral anterior synechiae (PAS). A 
viscoelastic substance (Healon) was placed 


Table 2.—Types of lOLs Removed in 
PBK (111 Eyes)* 


No. 

(96) Removed 
74 (66.7) 
34 (30.6) 

3 (2.7) 


IOL Type 
Anterior chamber IOL 
Iris support IOL 
Posterior chamber IOL 


* IOL indicates intraocular lens, and PBK, pseudo- 
phakic bullous keratopathy. 





Fig 2.—Left, Schematic cross-sectional diagram of posterior chamber intraocular lens position during acapsular 
implantation. Before tying 10-O polypropylene (Prolene) fixation sutures, gentle anterior traction is applied to sutures, 
allowing haptics to settle into ciliary sulcus. Right, Slit-lamp appearance after polypropylene sutures are tied, showing two 
fixation sutures at iris midperiphery (arrows). 


Arch Ophthalmol— Vol 107, May 1989 


IOL Implantation— Soong et al 661 


Fee PIS NEC ME qo Y Se Pe CAPRA A id 


a 
EE oe ee SERT ETEO E 





-— 


k 


} 
A 
; 
| 
4 

| 
L 


tasu data qs s AI 


i! ai m 


in the anterior chamber, and the donor 
button was sutured to the recipient with 
either double-running or combined inter- 
rupted-running 10-0 and 11-0 nylon 
sutures. In all cases, a peripheral iridecto- 
my was either already present from the 
preceding cataract surgery or was made at 
the time of penetrating keratoplasty. All 
eyes received a subconjunctival injection of 
gentamicin sulfate; two of the surgeons 
(R.F.M. and H.K.S.) gave an additional 
subconjunctival injection of methylpredni- 
solone. 


Postoperative Examination 


The eyes were examined by us at one to 
three weeks after surgery, at one to three 
months, and at two- to six-month intervals 
thereafter. Clinical study measurements 
consisted of best corrected visual acuity, 
central corneal thickness by optical pachy- 
metry, graft clarity, degree of inflamma- 
tion, intraocular pressure, and retinal sta- 
tus (especially macula and disc). The PAS 
were noted in most cases by slit-lamp 
examination alone; gonioscopy was seldom 
employed. Specular endothelial cell counts 
were obtained after surgery at one week, 
three months, six months, one year, and 
then annually. These cell counts, as a 
group, were compared with cell counts 
obtained previously at our institution on 
penetrating keratoplasties using the 
closed-loop-style (ORC Stableflex) IOL. In 
cases of clinically significant cystoid macu- 
lar edema, a contact lens examination of 
the macula was performed, and most cases 
were confirmed by fluorescein angiogra- 
phy. Glaucoma was considered if the 
intraocular pressure was greater than 21 
mm Hg on three consecutive visits and 
necessitated surgery or long-term glauco- 
ma medications. 


RESULTS 


Postoperative visual acuity showed 
a steady upward trend with increas- 
ing follow-up time (Fig 3), ie, higher 
percentages of patients achieved 20/ 
40 or better visual acuity as follow-up 
times increased from three months to 
24 months. For example, of the 82 
patients who had at least 12 months of 
follow-up, 37 (45.1%) had 24/40 or 
better visual acuity, 25 (30.5%) had a 
visual acuity between 20/50 and 20/ 
100, and 20 (24.4%) had 20/200 or 
worse visual acuity at one year after 
surgery. Of the 11 patients who had 24 
months of follow-up, seven (63.696) 
had 20/40 or better visual acuity, two 
(18.275) had a visual acuity between 
20/50 and 20/100, and two (18.2% ) had 
20/200 or worse visual acuity at two 
years after surgery. Postoperative 
visual acuities at one year are further 
broken down (Table 3) according to (1) 
PBK with IOL exchange, (2) ABK 
with secondary IOL, and (3) triple 
procedure (penetrating keratoplasty, 
cataract extraction, and sutured PC 
IOL). The proportion of patients with 
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100 
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20/ 40 or Better 20/50-20/ 100 20/200 or Worse 
Fig 3. —Best corrected visual acuities at 3, 6, 12, and 24 months after surgery. 


Table 3.— Visual Acuity at One Year by Preoperative Status (82 Eyes)* 


ABK 14 10 (71.4) 3 (21.4) 1 (7.2) 


*n indicates total number in each category; PBK, pseudophakic bullous keratopathy; and ABK, aphakic 
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bullous keratopathy. Numbers in parentheses indicate percent. 


20/40 or better visual acuity at 12 
months was significantly higher 
(P = .047 with Fisher's exact test) in 
the ABK group than the PBK group. 
The number of eyes were too few (only 
two patients had 12-month follow-up) 
in the triple procedure (“phakic”) cat- 
egory to include in the statistical com- 
parison. Ninety-seven percent (129 
eyes) of the corneal grafts remained 
clear at their latest follow-up visit. 
This represented 96% of the PBK 
keratoplasties and all of the ABK 
keratoplasties. The mean + SE cen- 
tral thickness (at the most recent 
visit) in the clear grafts by optical 
pachymetry was 0.49 + 0.05 mm. The 
mean donor endothelial cell loss at the 
first postoperative year was 1946 
(compared with 28% with closed-loop 
AC IOLs [ORC Stableflex ]). 

In the 111 eyes that underwent IOL 
exchange during keratoplasty for 
PBK (Table 2), 66.7% of the explanted 
IOLs were AC IOLs, 30.6% were IS 
IOLs, and 2.7% were PC IOLs (due to 
subluxation). The four most common- 
ly explanted models of IOLs were 
IOLAB Azar 91Z (AC IOL), Surgidev 
Style 10 Leiske (AC IOL), ORC Stable- 
flex (AC IOL), and Worst Medallion 
(IS IOL). 


Cystoid macular edema was the 
most common cause of poor postoper- 
ative vision in our series and was 
thought to be a contributory factor to 
decreased postoperative visual acuity 
in 44 (36.4% ) of 121 eyes whose macu- 
lae could be adequately evaluated (Ta- 
ble 4). In the 12 remaining eyes, the 
maeular evaluation after keratoplasty 
was precluded by hazy media, poor 
pupillary dilation, retinal detach- 
ment, or endophthalmitis. Before ker- 
atoplasty, the macula could be as- 
sessed in only 99 of 133 eyes; of these 
eyes, 25 (25.3% ) of 99 had preexisting 
CME diagnosed either ophthalmo- 
scopically or angiographically. In the 
remaining 74 of 99 eyes that were 
adequately documented to be devoid 
of preoperative CME, 18 eyes (24.3% ) 
developed CME after keratoplasty. 
However, in five of the eyes that had 
visually significant, preexisting CME 
before keratoplasty, varying degrees 
of resolution were noted ophthalmo- 
scopically after keratoplasty and IOL 
exchange. These cases resulted in 
visual acuity improvement that far 
exceeded the improvement attributed 
to clearing of the optical medium 
alone. 

There were several other causes of 
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Table 4.—Potential Vision-Limiting Factors * 


Factor No. (%) of Cases 


Cystoid macular edema 


Glaucoma (both before and after surgery) 
Age-related macular degeneration 
Endothelial graft rejection 

Retinal detachment 

Endophthalmitis 


44 (36.4)t 
48 (36.1) 
17 (14.0) 

5 (3.8) 

3 (2.3) 

2 (1.5) 





* Not all of these factors contributed to actual visual loss. 
TOf 121 eyes in which maculae could be adequately assessed. 


poor visual acuity after surgery (Ta- 
ble 4). Age-related macular degenera- 
tion was seen in 17 (14.0% ) of 121 eyes 
whose maculae could be adequately 
assessed after keratoplasty. Endothe- 
lial graft rejection was encountered in 
five (3.8% ) of 133 eyes, all within the 
first 12 months after surgery, which 
resulted in two graft failures. One eye 
had two episodes of immune rejection 
within the first six months of follow- 
up. Rhegmatogenous retinal detach- 
ment occurred in three (2.3%) of 133 
eyes, all within the first 12 months of 
follow-up. Infectious endophthalmitis 
occurred in the immediate postopera- 
tive period in two (1.5%) of 133 eyes, 
and both cases resulted in no light 
perception. 


Glaucoma occurred in 48 eyes 


—* (36.1% ), of which 16 had no history of 


glaucoma before surgery. Of these 16 
cases of new glaucoma, 15 eyes had a 
preoperative diagnosis of PBK and 
underwent IOL exchange during kera- 
toplasty, while one eye had ABK and 
underwent a secondary IOL implanta- 
tion during keratoplasty. Three eyes 
that had glaucoma before surgery 
were noted to have moderate to 
advanced glaucomatous optic atrophy 
at the time of keratoplasty. One of the 
16 eyes that developed glaucoma after 
penetrating keratoplasty underwent 
an IOL exchange during keratoplasty 


and developed postoperative glauco- 


-~ matous optic atrophy. Twelve eyes 


~~ 


that had glaucoma before surgery 
developed normal pressures after sur- 
gery after exchanging the problematic 
IOLs to acapsular PC IOLs. 

Some postoperative problems were 
of a more benign nature and did not 
threaten vision. For example, pupil- 
lary mydriasis, restricted by the poly- 
propylene IOL-fixation sutures in the 
iris midperiphery, often resulted in an 
ellipsoid dilation with the short axis 
corresponding to the meridian of the 
fixation sutures. Adequate visualiza- 
tion of the fundus was usually not a 
problem as long as the fixation 
sutures were placed as far peripheral- 
ly as possible from the pupillary bor- 
der. Occasional mild iris atrophy was 
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also seen surrounding some of the 
polypropylene fixation sutures, but 
did not seem to compromise the sta- 
bility of the IOLs; there were no cases 
of pseudophacodonesis. In 28 eyes 
(21.1%), PAS developed after pene- 
trating keratoplasty; of these eyes, 26 
had keratoplasty for PBK and two for 
ABK. Of the cases of PBK that devel- 
oped PAS after penetrating kerato- 
plasty, the vast majority (22/26 eyes) 
had AC IOLs explanted at the time of 
keratoplasty, while a few (4/26 eyes) 
had IS IOLs explanted. In the cases 
that had an AC IOL removed, PAS 
developed only where the haptics had 
been embedded in the iridocorneal 
angle before explantation. In only one 
case was the PAS associated with 
glaucoma. 


COMMENT 


In regard to visual results and safe- 
ty, our two-year experience with PC 
IOL implantation without lens capsu- 
lar support during keratoplasty has 
been favorable. With this technique, 
the postoperative endothelial cell 
counts were significantly (P < .005) 
better than our previous experience 
with AC IOLs in keratoplasty (first- 
year cell loss of 19% with sutured 
acapsular PC IOLs vs 28% with 
closed-loop AC IOLs [ORC Stable- 
flex]. Our relatively poor experience 
before 1985 with AC IOLs in kerato- 
plasty is unfavorably influenced by 
the exclusive use of a closed-loop style 
(ORC Stableflex) IOL, which has since 
been taken off the market by the 
manufacturer. In contrast, our more 
recent keratoplasty experience with 
Kelman-style one-piece polymethyl- 
methacrylate AC IOL (IOLAB 85J), 
with open-loop haptics and less ante- 
rior vaulting, so far seems better than 
that of the obsolete closed-loop styles; 
the postoperative endothelial cell 
counts, to date, were at least as good 
as with sutured PC IOLs (to be re- 
ported in a separate study). 

It is unclear whether a PC IOL used 
in the absence of a posterior lens 
capsule still possesses the purported 
advantages of a PC IOL with an intact 


capsule. All the previous literature 
supporting the advantages of PC IOLs 
do so in the context of an intact 
posterior capsule.”!* An intact cap- 
sule putatively provides a barrier 
against anterior movement of the vit- 
reous and posterior movement of 
vasoactive substances. This barrier 
effect may reduce endophthalmodone- 
sis and, in turn, the incidence of reti- 
nal detachment, corneal decompensa- 
tion, and CME."^" Although a PC 
IOL implanted in the absence of a 
capsule may provide a mechanical 
barrier to some degree, just how well 
the anterior chamber is buffered from 
the vitreous cavity remains a ques- 
tion. 

We are also concerned as to wheth- 
er the extra invasive procedures 
required in the sutured PC IOL tech- 
nique may be detrimental to the eye. 
An anterior vitrectomy was usually 
necessary (85.7% of eyes) in this pro- 
cedure to facilitate positioning of the 
PC IOL behind the iris; however, it is 
likely that anterior vitrectomy would 
have been necessary in most of these 
eyes even if a sutured PC IOL had not 
been used. According to our data from 
the Corneal Transplantation Regis- 
try, an anterior vitrectomy during 
penetrating keratoplasty is associated 
with a significantly higher risk of 
retinal detachment.* Our retinal 
detachment rate with sutured PC 
IOLs (2.3% ) was no higher than that 
of the overall incidence rate (2.4%) 
among all grafts done at the Universi- 
ty of Michigan. Both of these figures 
are crude rates unadjusted for the 
incomplete, variable postoperative 
follow-up times. 

We were also concerned that extra 
manipulations peculiar to the acapsu- 
lar implantation procedure, such as 
polypropylene  iris-fixation sutures 
and anterior vitrectomy, may contrib- 
ute to CME. So far, it is not possible to 
answer this question. However, the 
five cases of PBK in which macular 
edema regressed after IOL exchange 
for a sutured PC IOL may circumstan- 
tially imply a possible beneficial 
effect of this operation on CME. The 
degree of CME is always difficult to 
ascertain and quantitate in the set- 
ting of corneal edema. In 34 patients, 
the corneas were too cloudy before 
keratoplasty to allow adequate oph- 
thalmoscopy or fluorescein angiogra- 
phy. However, 99 eyes had adequately 
visible maculae before surgery, usual- 
ly during one of the earlier preopera- 
tive visits when the corneas were rela- 
tively clear. The relatively high preva- 
lence (36.4% ) of CME is not surprising 
in view of the many eyes that had 
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problematic IOLs for long periods of 
time and occasional eyes that had 
more than one previous surgery. 

The moderate restriction of pupil- 
lary dilation by iris-fixation sutures 
occasionally interfered with complete 
ophthalmoscopic visualization of the 
retina. An alternative technique of 
acapsular fixation of PC IOLs re- 
ported by Malbran et al? may obviate 
this problem by avoiding iris fixation. 
This technique involves securing ends 
of PC IOL haptics to the ciliary sulcus 
with transscleral polypropylene su- 
tures tied subconjunctivally. This 
transscleral fixation method can be 
used even in the presence of extensive 
iris atrophy or large iris defects (eg, 
sector iridectomies and  aniridia), 
whereas our use of iris fixation pre- 
cludes this. 

Mild iris atrophy, occasionally sur- 
rounding the iris-fixation sutures, did 
not cause any problems and has not 
resulted in pseudophacodonesis, IOL 
dislocation, or pigmentary dispersion. 
Peripheral anterior synechiae, which 
developed in 28 eyes after penetrating 
keratoplasty, were mostly seen in eyes 
that underwent IOL exchange (26 
cases) and rarely in aphakic eyes that 
underwent secondary lens implanta- 
tion (two cases). Most cases of PAS 
occurred in eyes that had AC IOLs 
removed (22 cases) and, furthermore, 
formed in the areas where the AC IOL 
haptics had been embedded before 
IOL exchange. Thus, in most cases, 
the PAS were related to the previous 
IOL and not to the sutured PC IOL. 
This supports the observation of sev- 
eral investigators that PAS caused by 
PC IOLs are extremely rare"? The 
extent of PAS formation in our series 
was enough to cause glaucoma in one 
case. 

In general, eyes with PBK that 
underwent keratoplasty with IOL 
exchange had worse vision than eyes 
with ABK that underwent keratoplas- 
ty with secondary IOL implantation 
(Table 3). Significantly more patients 
in the latter category (ABK) had 20/ 
40 or better postoperative visual acu- 
ity at one year (71.4%) than in the 
former (PBK) category (39.4%) 
(P = .047 by Fisher’s exact test). This 
may reflect the fact that the former is 
associated with more inflammation 
(before and after surgery), CME, and 
glaucoma. Thus, on the basis of this 
information, it seems that an eye with 
corneal edema that is aphakic has a 
better outlook than one that is pseu- 
dophakic. 

Several factors distinguish iris- 
sutured PC IOLs from IS IOLs. With 
sutured PC IOLs, the fixation sutures 
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are placed relatively far from the 
pupillary border and no IOL struc- 
tures pass through the pupil, allowing 
safer mydriasis during postoperative 
ophthalmoscopy with no chance of 
dislocation. Pupillary dilation is still 
sometimes restricted by the fixation 
sutures, however, and this restriction 
results in an ovally dilated pupil. With 
the iris-fixation sutures in the mid- 
periphery, the acapsular PC IOL 
method reduces the chances of 
mechanical irritation of the pupil, 
pupillary chafing, the uveitis-glauco- 
ma-hyphema syndrome, and possibly 
CME.’ Once again, the alternative 
technique of transscleral fixation? 
may further obviate these problems; 
however, although this alternative 
technique seems promising, we re- 
main apprehensive about permanent- 
ly compromising the full-thickness 
integrity of the scleral wall. In the 
iris-fixated acapsular PC IOL method, 
we believe that some of the PC IOL 
securement and stability is derived 
from ciliary sulcus fixation of the 
haptics and that the PC IOL does not 
merely “hang” from the iris (as is the 
case with IS IOLs). Some surgeons 
who have implanted PC IOLs without 
capsular support have used a modified 
miniature dental mirror positioned 
behind the pupil during keratoplasty 
to confirm sulcus fixation (James 
Rowsey, MD, oral communication, 
June 4, 1988). However, postmortem 
examination of three eyes with 
sutured PC IOLs by David Apple, MD 
(oral communication, Nov 15, 1988), 
have shown haptics in many cases to 
lie posterior to the ciliary sulcus. 

Glaucoma that developed newly 
after surgery occurred in 16 (15.8% ) of 
101 eyes that had no history of glauco- 
ma before surgery. This compares 
favorably with triple procedures at 
our institution, which carry a 19.0% 
incidence of new glaucoma.” The over- 
all incidence of new postoperative 
glaucoma for all penetrating kerato- 
plasties in the Corneal Transplanta- 
tion Registry is 23.3%. Of the 32 eyes 
that had glaucoma before surgery, 12 
developed normal pressures after sur- 
gery, and the patients were able to 
discontinue glaucoma therapy. All of 
these cases were in eyes that had 
PBK, in which problematic AC or IS 
IOLs were exchanged for acapsular 
PC IOLs and thus can be considered 
“cured” by surgery. 

The frequency of endothelial rejec- 
tion at one year (3.8%) compared 
favorably with an overall incidence of 
16.2% at one year for all penetrating 
keratoplasties in the registry. Al- 
though there is no definite explana- 


tion for the low rejection rate in our 
series, it may in part be influenced by 
the older age of the patients. Postop- 
erative endophthalmitis occurred in 
two eyes (1.5% ) after sutured PC IOL 
implantation, compared with an over- 
all rate of 0.6% for all penetrating 
keratoplasties in the registry. The 
higher rate of endophthalmitis in our 
acapsular PC IOL series most likely 
represents a chance cluster, exagger- 
ated by the relatively low total num- 
ber (133) of cases, although it is 
remotely possible that extra manipu- 
lation, use of intraocular sutures, and 
increased operating time may have 
contributed to this complication. The 
technique of suturing a PC IOL typi- 
cally takes between 15 to 20 minutes 
longer than implantation of an AC 
IOL. 

Several reports describing varia- 
tions in technique on  acapsular 
implantation of PC IOLs have recent- 
ly appeared in the literature. Not only 
have variants of this technique been 
used during penetrating keratoplas- 
ty, but they have also been used 
from the limbal approach during cata- 
ract surgery or during secondary IOL 
implantation.$??* Although the over- 
all results with this procedure are 
encouraging, it would be advisable to 
view acapsular PC IOL implantation 
with caution until long-term (five to 
ten years) results become known. It is 
also important to realize that many of 
the AC IOLs that resulted in PBK 
were implanted during complicated 
cataract surgery in which the posteri- 
or lens capsule was torn during extra- 
capsular extraction, resulting in vitre- 
ous loss and vitrectomy. It is, there- 
fore, premature to make a blanket 
condemnation of all AC IOLs, with the 
exception of the closed-loop styles. In 
all likelihood, with the constant 
improvement of AC IOL design and 
manufacture, these lenses may be- 
come a viable alternative to PC lenses. 
We are investigating Kelman-style, 
one-piece (Multiflex) AC IOLs as an 
alternative to acapsular PC IOLs dur- 
ing penetrating keratoplasty. Al- 
though the numbers are still small, 
overall results (including specular 
micrographic data) to date with this 
new generation of AC IOL appear 
encouraging. A prospective study 
comparing sutured PC IOLs to the 
newer, improved styles of AC IOLs 
would be appropriate, particularly 
because one major advantage of AC 
IOL implantation is that it is techni- 
cally easier, involves less manipula- 
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tion, and requires less surgical time' 


than the acapsular PC IOL tech- 
nique. 
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Age-Related Cataract in the Tibet Eye Study 


Tian-Sheng Hu, MD; Qu Zhen, MD; Robert D. Sperduto, MD; Jia-Liang Zhao, MD; 
Roy C. Milton, PhD; Akira Nakajima, MD; and the Tibet Eye Study Group 


@ The Tibet Eye Study was designed to 
estimate the prevalence of age-related 
cataract in Duilong-Deqing County, west 
of Lhasa, China (altitude, 4000 m). Previ- 
ous reports have suggested an unusually 
high prevalence of age-related cataract in 
Tibet. A two-stage probability sample of 
persons aged 20 years or older from the 
35 townships of the county targeted 2884 
persons for inclusion in the study; 2665 
(92.4%) were examined. Age-related cata- 
ract was diagnosed when (1) visual acuity 
was worse than 6/ 12 (20/40) because of 
nuclear or cortical (including posterior 
subcapsular) opacities, or (2) aphakia 
associated with a history of age-related 
cataract was present in either eye. The 
prevalence of age-related cataract among 
persons aged 20 to 39 years was 0.2%; 


Previous reports’? have suggested 
an unusually high prevalence of 
age-related cataract in Tibet com- 
pared with other areas of China. A 
study of herdsmen and farmers in the 
Changdu District of Tibet reported a 
prevalence of 30.5% in subjects 40 
years of age or older compared with a 
prevalence of 13.7% among farmers of 
similar age in Chongqing City, 
Sichuan Province. Other studies have 
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amoeng persons 40 years old or older, the 
prevalence was 11.8%. Cortical cataracts 
were by far the most common type of 
cataract diagnosed. Age- and sex- 
adjusted prevalence in Tibet was 60% 
higher than the prevalence in a similar, 
previously conducted study of 6951 per- 
son in Shunyi County, northeast of Beijing 
(altitude, 50 m). A second, independent 
slit-lamp classification of lens status was 
conducted in the Tibet Eye Study using 
standard photographs previously de- 
scribed. Age-specific cataract prevalence 
was similar with the two examination 
techniques. Results from the Tibet Eye 
Study support previous suggestions of a 
high prevalence of age-related cataract in 
Tibet. 
(Arch Ophthalmol 1989; 107:666-669) 


suggested that cataracts occur at an 
earlier age in Tibet, are mostly nucle- 
ar in type? and are more common 
with increasing altitude? Evaluation 
of these data is difficult because the 
study populations are usually not rep- 
resentative and are poorly defined, 
age-specific or age-adjusted data are 
rarely presented, examination tech- 
niques are not well defined and usual- 
ly involve nondilated examinations 
with flashlights, and methodologic 
differences between studies prevent 
adequate comparisons of results. Nev- 
ertheless, these reports of an unusual- 
ly high prevalence of cataract in per- 
sons living at extremely high altitudes 
are interesting and, if substantiated, 
would suggest a variety of possible 
epidemiologic studies, especially 
studies evaluating the sunlight or 
ultraviolet light hypothesis of cata- 
ract development. 

The Tibet Eye Study (TES), spon- 
sored by the World Health Organiza- 


tion and conducted by the Peking 
(China) Union Medical College 
(PUMC) in collaboration with the 
National Eye Institute, Bethesda, Md, 
and Juntendo University, Tokyo, was 
undertaken to estimate the prevalence 
of age-related cataract in Duilong- 
Deqing County, a suburb of Lhasa, 
China (altitude, 4000 m). Comparison 
data were available from the Beijing 
Eye Study (BES),° a survey of eye 
disease conducted on a representative 
sample of the population of a suburb 
of Beijing (altitude, 50 m) by the 
PUMC. Substantiation of previous 
reports of an unusually high preva- 
lence of cataract in Tibet was judged 
essential before the initiation of ana- 
lytic epidemiologic studies. 


MATERIALS AND METHODS 
Survey Site 


The TES was conducted from July 21, 
1987, to Sept 10, 1987, in Duilong-Deqing 
County, located west of Lhasa, China, at 
north latitude 29.5?. The county is 27000 
km? and has a mountainous terrain with an 
average altitude of 4000 m (range, 3640 to 
25000 m). The county’s total population of 
31515 persons (1986 census, excluding non- 
Tibetan immigrants) live in 35 townships 
(xiang) that are made up of 180 villages 
and a total of 6008 households. The popula- 
tion of farmers and herdsmen included 
16482 (52.3%) persons aged 20 years or 
older, with 7028 (22.3%) aged 40 years or 
older. 


Sample-Size Estimate 


A previous study in Tibet by Song and 
Zhang? suggested a prevalence of 30.5% for 
age-related cataract among persons aged 
40 years or older. To estimate a similar 
prevalence with a precision of +3% (95% 
confidence interval), we calculated that 912 
persons (13% of persons aged 40 years or 
older) would have to be examined. Since we 
were interested in occurrence data for per- 
sons younger than 40 years, we used the 
same sampling fraction (13%) for per- 
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. Table 1.— Study Populations— Tibet 
Eye Study (TES) and Beijing Eye Study 
| BES} os. 


TES, 
1987 


2884 


Study BES, 


1985 


Population 


No. of potential 
subjects 

No. examined 

Coverage, % 


2665 
92.4 





sons aged 20 to 39 years, realizing that the 
size of the 95% confidence intervals would 
be affected by the lower prevalence esti- 
mates for this group. The final sample-size 
estimate was a minimum of 2141 persons 
(13% of the population aged 20 years or 
older). 


Sampling Procedure 


The county was geographically divided 
into ten districts, with approximately 3000 
persons in each district. Each district had 
two to five townships, and each township 
included at least 13% of the population of 
the district. One township in each district 
was selected with probability proportional 
to size. Villages within each township were 
then selected with probability proportional 
to size so that a minimal sampling fraction 
of 13% was maintained for each district; 
this process yielded an actual sampling 
fraction of 17% for the county. 

Listings of households and family mem- 
bers were available for the 27 villages 
selected for inclusion in the study. Subjects 
who had been away from the villages for 
longer than six months were excluded from 
the list of potential examinees. Recent 
migrants who had lived in the villages for 
more than six months were included in the 
listings. The sampling procedures identi- 
fied a total of 2884 persons aged 20 years or 
older as potential examinees. 


Examination Procedures 


Complete eye examinations were done on 
all persons. Modified Bailey-Lovie charts‘ 
with a tumbling E were used for visual 
acuity testing at a 4-m distance, with chart 
illumination over 300 lux. Visual acuity 
was recorded as the smallest line read with 
one or fewer errors. Persons unable to read 
the largest line of the chart at 4 m with one 
or fewer misses were retested at a 1-m 
distance. Persons unable to read the chart 
at 1 m were tested for light perception. 

Visual acuity was tested separately for 
each eye using the person's usual distance- 
correction lenses, if any. If visual acuity 
was less than 0.8 (20/25) with correction, 
vision was retested with a pinhole. If visual 
acuity with a pinhole improved to 0.7 or 
greater (20/32), the vision was recorded as 
best-corrected visual acuity. If the visual 
acuity with usual correction and pinhole 
remained less than 0.7 (20/32), a refraction 
was performed and the best-corrected 
visual acuity was recorded. 

An examination of the external eye was 


- done using natural light. The anterior seg- 


ment was examined with a slit lamp; the 
intraocular pressure was measured with a 
hand-held applanation tonometer (Per- 
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Table 2.— Prevalence of Age-Related Cataract in the Tibet Eye Study 
(Examination Method 1) 


Characteristics 20-29 30-39 


Men 
No. examined 388 205 


No. with 
cataract 0 1 


Prevalence, % 0.5 
SE 
Women 
No. examined 
No. with 
cataract 
Prevalence, % 
SE 
Both sexes 
No. examined 
No. with 
cataract 
Prevalence, % 
SE 


*Lens status could not be evaluated in five subjects. 


kins). Both pupils were dilated with 2.5% 
phenylephrine hydrochloride until a mini- 
mal pupillary diameter of 6 mm was 
achieved. After lens examination, the fun- 
dus was examined with a direct ophthal- 
moscope. 

The lenses were independently evaluated 
by two examiners who used different cata- 
ract classification systems. The first exam- 
iner used the same examination techniques 
and diagnostic criteria as had heen used in 
the earlier BES, in which a modification of 
the Framingham Eye Study procedures’ 
had been used. A slit lamp with X16 mag- 
nification was used to identify (1) cortical 
cuneiform opacities; (2) cortical vacuoles, 
lamellar separations, and waterclefts; (3) 
posterior subcapsular opacities; and (4) an 
increase in the optical density of the nucle- 
us. When aphakia was present, the exam- 
iner was asked whether a history of age- 
related cataract was a likely explanation 
for the aphakia. When lens opacities were 
present, the cause of the opacities was 
classified as age related, traumatic, com- 
plicated, or congenital. For purposes of 
this report, a cataract was judged to be 
present if visual acuity was less than 6/12 
(20/40), lens opacities were present, the 
opacities were judged to be of age-related 
origin, and, in the opinion of the ophthal- 
mologist, there were no other conditions 
that explained the loss of visual acuity 
(method 1). Cataract was also diagnosed 
when an eye was aphakic and the ophthal- 
mologist thought there was a history of 
age-related cataract. 

A second examiner, without knowledge 
of the first examiner’s grading, used the 
Lens Opacities Classification System 
(LOCS) described by Chylack et al.* This 
system uses photographic standards to 
grade the presence or absence of opacities 
in each of three lenticular zones—nuclear, 
cortical, and posterior subcapsular. The 
grading follows an ordinal scale ranging 
from 0 to 2. A grading of 0 implies the 


40-49 


Age Group, y 


50-59 60-69 





absence of opacities, a grading of 1 implies 
the presence of early opacification, and a 
grading of 2 implies more advanced opaci- 
fication. Because of the frequent occur- 
rence of minor, age-related cortical lens 
changes, the system further subdivides the 
early cortical opacifications into 1a and 1b 
categories, with the la category including 
minor, “clinically insignificant” changes. 
For purposes of this article, a cataract was 
judged to be present if visual acuity was 
less than 6/12 (20/40), lens opacities (grade 
2 for nuclear, grade 1 or 2 for posterior 
subcapsular, or grade 1b or 2 for cortical) 
were present, the opacities were judged to 
be of age-related origin, and, in the opinion 
of the ophthalmologist, there were no oth- 
er conditions that explained the loss of 
visual acuity (method 2). Cataracts were 
also diagnosed when aphakia associated 
with a history of probable age-related cat- 
aract was present. We compared the cata- 
ract prevalence estimates of the two exam- 
iners. 


The BES 


Cataract prevalence estimates from the 
TES were compared with those from the 
BES, which was conducted in 1985.° The 
BES was a population-based study of eye 
disease conducted in Shunyi County, a sub- 
urb of Beijing. One of us (J.L.-Z.) was the 
field supervisor for both the TES and the 
BES. The TES and the BES used similar 
examination protocols except that modi- 
fied Bailey-Lovie visual acuity charts were 
used for the TES and the LOCS was added 
to the BES protocol for the TES. Since the 
LOCS was not used in the BES, we com- 
pared cataract prevalence estimates 
derived from classification method 1. We 
have used a visual acuity criterion of less 
than 6/12 (20/40) in the definition of cata- 
ract because both the BES and the TES 
visual acuity charts had 6/12 (20/40) lines 
made up of five tumbling E letters. 
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Table 3.—Prevalence of Age-Related Cataract in the Tibet Eye 
Study— Method 1 vs Method 2* 


Age Group, y 


20-29 40-49 
0.1 1.8 
0.2 2.0 


Method 


*Prevalence given in percentages. For explanation of methods, see the 


section. 


50-59 60-69 
5.0 26.0 
3.6 17.9 





Table 4.—Prevalence of Nuclear, Cortical, and Posterior Subcapsular Cataract 
in the Tibet Eye Study—Method 2* 


Type of Cataract 
Nuclear 
Cortical 
Posterior subcapsular 


50-59 


Age Group, y 


60-69 Total 
4.5 2. 
15.4 7.3 





0.9 4.1 : 2.7 


"Prevalence given in percentages. For explanation of method 2, see the ''Materials and Methods" 


section. 


96 Prevalence 


Women-—Tibet Eye Study 


Women—Beijing Eye Study 


va 
/ Men—Beling Eye Study 


le Men—Tibet Eye Study 





60 70 


Age, 10-y Intervals 


Prevalence of cataract in Tibet Eye Study and Beijing Eye Study by age and sex. Age- and 
sex-adjusted prevalence was 14.6% in Tibet Eye Study and 9.1% in Beijing Eye Study 


(P < .001). 


Quality Control 


Two senior ophthalmologists who had 
participated in the BES conducted all of 
the lens examinations in the TES. One 
examiner used the same techniques as had 
been used in the BES while the other, who 
had attended a two-day training session on 
use of the LOCS in the United States, used 
the newer classification system. Before the 
start of the study, a special training ses- 
sion and then a pilot study were conducted 
in which a third senior ophthalmologist 
participated to ensure that lens classifica- 
tions were conducted in a standardized 
manner. During the study, a random sam- 
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ple of approximately 10% of the Tibetan 
population (N = 296) was independently 
classified by two examiners using the 
LOCS system. Agreement was at least 98% 
for each of the three cataract types. 


RESULTS 


A total of 2884 persons aged 20 
years or older were identified as resi- 
dents of the 27 villages selected for 
inclusion in the TES (Table 1). Two 
thousand six hundred sixty-five per- 
sons (92.4%) were examined; 2660 
could be evaluated for cataract. Of the 
219 persons selected for inclusion in 


"Materials and Methods’’ 


the study but not examined, 183 (8496 ) 
had been absent from their homes for 
more than two months, 27 (12% ) were 
sick or unable to attend the examina- 
tion sessions, and nine (4%) refused 


the examination. Seventy-nine per- ye 


cent of those not examined were under 
the age of 40 years. 

Few cataracts were diagnosed 
among persons younger than 40 years, 
but cataract prevalence increased rap- 
idly with age thereafter (Table 2). 
Cataracts were present in 1.8% of 
persons aged 40 to 49 years and in 
more than 50% of persons aged 70 
years or older. Estimates of preva- 
lences and their SEs, assuming simple 
random sampling (Table 2), differed 
only trivially from estimates that 
took into account the sample design 
(not shown). Prevalence estimates 
derived from the two independent cat- 
aract classification systems, method 1 
and method 2, showed little difference 
(Table 3). 


Cortical cataracts were by far the - 


most common type of cataract diag- 
nosed (Table 4). Cortical, nuclear, and 
posterior subcapsular cataracts were 
present in 7.3%, 2.2%, and 2.7% of 
persons 40 years and older, respective- 
ly. 

In the BES, 6951 (96.4%) of 7209 


targeted persons were examined; 6902 v - 


could be evaluated for cataract. Cata- 
ract prevalence estimates were lower 
in the BES than the TES for each age 
and sex group except for men aged 70 
years or older (Figure). The age- and 
sex-adjusted prevalence for persons 
aged 40 years or older was approxi- 
mately 60% greater in Tibet than in 
Beijing (14.6% vs 9.1%, P « .001). 


COMMENT 


Ultraviolet radiation exposure is 
greater at higher elevations,’ and 
Tibetans live in one of the highest 


inhabited regions of the world. Thus, , ; 


our finding of an excess prevalence of 
age-related cataract in Tibet, com- 
pared with the Beijing area, is consis- 


tent with the hypothesis that ultravi- . 


olet light exposure is a risk factor for 
cataract. However, our study provides 
weak support for the hypothesis at 
best, because it has the same limita- 
tion as most correlational studies, a 
lack of ability to control for potential 
confounding variables. In addition to 
living at different elevations and 
being exposed to markedly different 
levels of ultraviolet radiation, persons 
in the two studies differed with 
respect to their genetic backgrounds 


and a variety of environmental expo- " 


sures. The role of these other factors 
in explaining the difference in preva- 
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lence cannot easily be determined in a 
descriptive study such as ours. 

Other studies of the relationship 
between cataract prevalence and alti- 
tude have produced conflicting re- 
sults. A study by Song and Zhang 
reported a cataract prevalence of 
13.7% among persons living at 1000 m 
and a prevalence of 43.6% among per- 
sons living at 4000 m. It is difficult to 
interpret this finding because age- 
adjusted data were not presented. A 
study” in the highlands of New Guin- 
ea found higher cataract prevalence 
estimates in the highlands than at 
lower altitudes. An exception to these 
reports of higher cataract estimates 
for higher altitudes is a report by 
Chatterjee, who found a lower preva- 
lence of cataract in the Himalayan 
ranges than in the plains of the Pun- 
jab region of India. Similarly, Bril- 
liant et al" reported that cataract 
prevalence was negatively correlated 
with altitude in a study in the Hima- 
layas of Nepal. The latter study, how- 
ever, noted that sunlight was blocked 
from reaching higher altitude sites by 
neighboring mountains, and the 
investigators speculated that the 
reduction in sunlight hours at the 
higher altitudes offset the theoretical 
gain in ultraviolet exposure due to the 
higher altitudes. Supporting that 
hypothesis was the study’s observa- 
tion that sites with an average of 12 
hours of sunlight exposure (lower ele- 
vations) had almost four times as 
much cataract as sites with seven 
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hours of sunlight. Our study was con- 
ducted in a single county of Tibet 
where elevation in the inhabited 
regions did not vary greatly, so that 
we cannot comment on whether prev- 
alence estimates varied with increas- 
ing altitude within Tibet. However, 
the study was conducted in terrain 
where sunlight exposure was not 
obstructed by neighboring moun- 
tains. 

We found that cortical cataracts 
were by far the most common type of 
cataract diagnosed. Other studies 
have suggested a relationship between 
cortical cataracts and increased ultra- 
violet radiation exposure. Hiller et 
al, using data from the National 
Health and Nutrition Examination 
Survey, found that cortical cataracts 
were more common in locations with 
increased ultraviolet B radiation 
counts than either nuclear or posteri- 
or subcapsular cataracts. In a study of 
watermen on the eastern shore of 
Maryland, Taylor et al'* also found 
cortical cataracts to increase with 
increasing levels of ultraviolet light 
exposure. 

Comparisons of prevalence esti- 
mates obtained from different sur- 
veys are often difficult because of 
differences in examiners, examination 
techniques, diagnostic criteria, and 
the proportion of persons who 
respond to the invitation to partici- 
pate in the surveys. We have 
attempted to minimize these concerns 
in our study. Both the TES and the 
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-. € in a hospital-based case-control 
study of 1441 patients with age-related 
cataracts and 549 controls, we studied 
issociations: between types of cataract— 
iuclear, cortical, posterior subcapsular, 
ind mixed — and a number of physiologic, 
behavioral, environmental, and biochemi- 
-cał variables. Using polychotomous logis- 
tic regression analysis, we found an 
increased risk of cataract with lower edu- 
‘cational achievement (all types of cata- 
act), decreased cloud cover at place of 
residence (all types), use of aspirin less 
han once a month (posterior subcapsular 
nd mixed), diets low in selected nutri- 
nts (posterior subcapsular, nuclear, and 
nixed), higher blood pressure (nuclear 
and mixed), lower body mass index (nu- 
lear and mixed), use of cheaper cooking 
fuels. (cortical, nuclear, and mixed), and 
ower levels of an antioxidant index based 
red blood cell levels of glutathione 
eroxidase and glucose-6-phosphate de- 
hydrogenase and plasma levels of ascor- 
bic acid and vitamin E (posterior subcap- 
“sular and mixed). Ali risks cited were 
ignificantly different from those for the 
ther cataract types, a finding that 
mphasizes. the need to investigate the 
pidemiology of specific types of cata- 
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Because cataracts affect mainly the 
elderly, any means that even min- 
imally delays the age of onset, or 
retards the progression of cataracts, 
could have a substantial effect on the 
number of people with visual impair- 
ment from cataract. It has been esti- 
mated that if the development of cat- 
aract could be delayed by 10 years, the 
number of cataract operations would 
decrease by 45%.' One approach to 
developing preventive measures is to 
identify etiologic factors through epi- 
demiologie studies. Such studies have 
already suggested a number of possi- 
ble risk factors, but none has been 
identified as the specific cause of the 
majority of age-related cataracts. It 
now seems likely that there are multi- 
factorial and perhaps synergistic 
causes of age-related cataract.’ 

The objective of this study was to 
identify possible risk factors, and 
assess their importance in the devel- 
opment of age-related cataracts, by 
conducting a hospital-based case-con- 
trol study. Distinctive features of the 
study were (1) emphasis on specific 
types of cataract and (2) inclusion of 
blood biochemistry factors in an 
attempt to identify systemic markers 
associated with the various cataract 
types. The study was done at the Dr 
Rajendra Prasad Centre for Ophthal- 
mic Sciences, All India Institute of 
Medical Sciences, New Delhi, India, in 
collaboration with the National Eye 
Institute, Bethesda, Md. 


PATIENTS AND METHODS 
Patient Recruitment Procedures 


A two-stage screening process was used 
to recruit subjects from the outpatient 
ophthalmology clinic from August 1984 
through December 1987. Each morning 


ophthalmologists in the clinic completed a - 


short eligibility form for their patients. 


Patients between the ages of 37 and 62 
years who had (1) a cataract in either eye 
and a visual acuity of 6/9 or worse in the 
affected eye(s) that did not improve with a 
pinhole or (2) no cataract in either eye and 
a corrected visual acuity of 6/6 or better in 
both eyes were referred to the Cataract 
Study Clinic. 

A second, more detailed examination, 
which included a dilated slit-lamp and 
ophthalmoscopic examination, was con- 
ducted on the same day as the screening 
examination in the Cataract Study Clinic 











x re 


by a senior examiner. Patients who metthe — 


eligibility criteria as cases or controls were 
entered into the study. Whenever more 
eligible subjects were referred to the Cata- 
ract Study Clinic than could be handled on 
a single day, priority was given to selecting 
cases with single types of cataract in the 
order seen. 
throughout the recruitment interval, but 


in early 1986 an adjustment was made in 


the selection procedures to achieve compa- 
rable numbers of cases and controls. 


Patient Selection Criteria 


Our goal was to recruit 360 patients in 
each of four case groups (pure posterior 
subcapsular, pure cortical, pure nuclear, 
and mixed nuclear-cortical cataracts) and 
460 controls. Only subjects between the 
ages of 37 and 62 years who had been 
residents of a prescribed metropolitan New 
Delhi area for the 5 years before their 
examination were eligible for the study. 
Subjects with a history of diabetes melli- 
tus or who had taken vitamins or “tonies” 
in the week before their examination were 
excluded. Also excluded were aphakic per- 
sons, persons in whom it was not possible 
to conduct dilated examinations of both 
lenses, and persons who had had cataracts 
diagnosed by physicians more than 1 year 
before the examination. 

In addition to fulfilling the general eligi- 
bility requirements, controls were required 


to have a visual acuity of 6/6 or better in w- 


both eyes and no lens opacities in either 


eye on slit-lamp or ophthalmoscopic exam- 
ination. 


Controls were recruited 
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A patient qualified as a case if at least 
one eye had (1) a best corrected visual 
acuty of 6/9 or worse, (2) nuclear, cortical, 
or posterior subcapsular opacities occur- 
ring alone or in combination, and (3) no 
conditions other than cataract that might 
account for the vision loss. If one eye 
qualified as a case and the fellow eye had 
one or more different types of opacity, but 
did not meet the visual acuity criterion, the 
patient was not entered into the study. 
Cases were classified into pure and mixed 
types. Only those cases that had (1) a 
single type of opacity in both eyes or (2) a 
single type of opacity in one eye and no 
opacities in the fellow eye were placed in 
the pure category. Other cases were classi- 
fied as mixed. 

Cortical opacities were defined as (1) 
white, flat, wedge-shaped opacities in the 
cortex that ran axially anteriorly or poste- 
riorly from the lens equator to the central 
area or (2) wedge-shaped opacities that 
coalesced into areas of diffuse white opa- 
cification in the cortex. Nuclear opacities 
were represented by a diffuse increase in 
the optical density of the lens nucleus 
compared with the adjacent cortex. Poste- 
rior subcapsular opacities were present 
when discoid vacuolar or granular opaci- 
ties occupied the axial or paraxial area of 
the posterior subcapsular area. 

Four of six senior examining ophthal- 
mologists recruited about 90% of the 
patients. Before the onset of the study, a 
training session was held to standardize 
, examination techniques. During the study, 
masked duplicate lens examinations were 
done on 96 subjects (5%). Eighty-five 
(89% ) of these subjects were cases, with 57 
(59% ) having the pure type of cataract. In 
these duplicate examinations, each exam- 
iner diagnosed the type of opacities 
present and determined whether the sub- 
ject qualified as a case or a control. Dis- 
agreements in classification were noted in 
only three of the 96 subjects. 


Data Collection and Study Factors 


All patients had a limited physical 
examination and responded to a standard- 
ized questionnaire administered by two 
medical social workers. The interviewers 


| « did not know the identity of the cases and 


‘controls and were unaware of the study 
hypotheses. A subsample of cases and con- 
trols had blood drawn for biochemical 
analyses. A maximum of five blood sam- 
ples were drawn in the Cataract Study 
Clinic each day, with priority given to 
drawing specimens from cases with pure 
types of cataract when more than five 
subjects were recruited. In February 1986, 
controls were given equal priority with the 
pure cases to achieve better balance 
between the pure cases and controls with 
biochemistry testing. 

Eye examination data included the fre- 
quency and length of use of spectacles; 
refraction; best corrected visual acuity by 
means of a tumbling E chart; intraocular 


—« pressure; presence, type, and likely cause 


of opacities (age related, traumatic, con- 
genital, etc); and presence of other ocular 
conditions. 
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Table 1.—Study Variables 


Physiologic Variables 
Height 
Weight 
Body mass index: weight / height? 
Systolic blood pressure (SBP) 
Diastolic blood pressure (DBP) 


Hypertension: SBP = 160 mm Hg and/or DBP — 90 mm Hg 


Pulse rate 

Behavioral Variables 
Aspirin use: <1/mo, — 1/mo 
Marital status: married, not married 


Education: illiterate; literate, no school; primary; middle; secondary; college 
Cooking fuel: wood, cow dung; kerosene, charcoal; gas, electricity 


Religion: Hindu, not Hindu 
Acute / chronic diarrhea / dysentery >1 y ago 


Protein from diet, weighted No. of food units / mo 


Thiamine from diet, weighted No. of food units /mo 
Riboflavin from diet, weighted No. of food units / mo 
Vitamin A from diet, weighted No. of food units / mo 
Ascorbic acid from diet, weighted No. of food units / mo 
Vitamin E from diet, weighted No. of food units / mo 


Calcium from diet, weighted No. of food units /mo 


Animal source of foods, weighted No. of food units / mo 
Smoking: never smoked, smoked in past, smoke now 


Smoking: No. of smokes/d* 
Smoking: No. of years smoking 


Drinking: never drank, drank in past, drink now 


Drinking: No. of days/mo drinking 
Drinking: No. of years drinking 


Vegetarian: eat no eggs or meat, eat eggs but no meat, eat meat 


Vegetarian: No. of times/mo eat meat 
Environmental Variables 

Average lifetime altitude of residence 

Average lifetime temperature of residence 


Average lifetime cloud cover of residence (in oktas [1 okta being one eighth of sky with cloud 


cover]) 

Job mostly indoors or outdoors 

Hours / wk working in direct sunlight 

Hours / wk doing ‘‘near’’ work 
Biochemistry Variables 

Glucose 

Protein 

Albumin 

Serum urea nitrogen 

Hemoglobin 

Glucose-6-phosphate dehydrogenase 

6-Phosphoglucose dehydrogenase 

Glutathione peroxidase 

Glutathione reductase activation coefficient 

Transketolase activation coefficient 


Aspartate aminotransferase activation coefficient 


Ascorbic acid 
Vitamin E 
Calcium 

Zinc 

Copper 


Antioxidant index based on glutathione peroxidase, ascorbic acid (AO 1) 
Antioxidant index based on glutathione peroxidase, ascorbic acid, vitamin E (A02) 
Antioxidant index based on glutathione peroxidase, ascorbic acid, vitamin E, 


glucose-6-phosphate dehydrogenase (A03) 





* Smokes refers to cigarettes plus other tobacco products. 


Age as elicited from study participants 
showed a marked second-digit preference 
for zero and five, so analysis variable age is 
1 through 5 according to elicited ages 37 
through 62 years grouped into 5-year inter- 
vals centered on 40, 45, 50, 55, and 60 
years. 

The study variables were divided into 
four groups: physiologic variables, behav- 
ioral variables, environmental variables, 
and biochemistry variables (Table 1). 

Some of the behavioral variables were 
obtained from dietary history. Dietary data 
were ascertained through an interview ask- 
ing the usual frequency of consumption of 
selected foods in food groups: cereals, 


pulses, roots and tubers, nuts, fresh fruit, 
fats and oils, green leafy vegetables, and 
animal products. The usual monthly fre- 
quency of consumption of food sources of 
eight nutritional factors (protein, thia- 
mine, riboflavin, vitamin A, ascorbic acid, 
vitamin E, calcium, and animal sources), 
weighted by the relative importance of each 
food as a source of the particular nutrient, 
was used to estimate the dietary intake for 
each of these nutrients. 

Blood biochemistry studies included 
serum levels of calcium,‘ zinc, and copper? 
and plasma levels of proteins (total and 
differential), ascorbic acid (dinitrophenyl- 
hydrazine method), and vitamin E.” Also 
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included were a group of nutrient-depen- 
dent red blood cell enzymes: glutathione 
reductase (riboflavin dependent), transke- 
tolase (thiamine dependent)? aspartate 
aminotransferase (pyridoxine depen- 
dent),'° and glutathione peroxidase (seleni- 
um dependent)." The first three of these 
were done with and without saturating 
amounts of the vitamins added in vitro. In 
addition, erythrocyte levels of glucose-6- 
phosphate dehydrogenase and 6-phospho- 
glucose dehydrogenase were measured." 
Three antioxidant indexes (AOs) similar to 
those described by Jacques et al" were 
created. AOI, based on glutathione peroxi- 
dase and ascorbic acid, was 0 if one or both 
were low and neither was high; 2 if one or 
both were high and neither was low; and 1 
otherwise. AO2, based on glutathione per- 
oxidase, ascorbic acid, and vitamin E, was 
0 if two or three were low and none was 
high; 2 if two or three were high and none 
was low; and 1 otherwise. A03, based on 
glutathione peroxidase, ascorbic acid, vita- 
min E, and glucose-6-phosphate dehydro- 
genase was 0 if two or more were low and 
none was high; 2 if two or more were high 
and none was low; and 1 otherwise. “High” 
included persons above the upper quintile, 
and "low" included persons below the low- 
est quintile. 


Laboratory Quality Control 


Replicate blood samples were taken on 
the same day and submitted for a masked 
second analysis throughout the study. 
Comparison of replicate values was done 
by intraclass correlation, the proportion of 
total variance of an observation that is due 
to variability between persons, rather than 
to variability in replication. Replication 
was done on 4% (46/1153) of those who had 
biochemistry studies, except that it was 
done on 3% (29/973) for calcium, zinc, and 
copper. The intraclass correlation for the 
19 biochemistry studies ranged from .64 to 
.96. Of the four values less than .8, two 
were for transketolase (with and without 
thiamine). 


Analysis 


Polychotomous logistic regression (PLR) 
may be used in case-control studies to 
assess the risk of disease associated with 
each of several exposure factors when dis- 
ease has several unordered states (eg, 
absent, posterior subcapsular, cortical, 
nuclear, etc).? This is done while simulta- 
neously adjusting for the other exposure 
factors and confounding variables. With k 
states or diseases and one state designated 
as the reference state (eg, controls, or no 
disease), the full PLR model expresses the 
probability of state s as 


P, = exp(Xa, uP E 


- exp(Xa,), 
E] ....À 


where X = (1, £i, %,..., a) is a vector of p 
covariates; d, = (Ao, A, ..., Asp) is a vector 
of ay 1 coefficients to be estimated, s = 
1,..., k; one state (say state k) is designat- 
ed s as the reference state with a, = 0; and 
k — 1 coefficient vectors or (k — 1) (p +1) 
parameters can be uniquely determined. 
This reduces to the ordinary dichotomous 
case if k — 2. The coefficient a, is the log of 
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Total 213 235 








Table 2.—Number of Cases and Controls by Age and Cataract Type 


Age, y Persons With 
Cataract ———————— Biochemistry 
Type 40 45 50 55 60 Total Studies, No. (96) 
1 type 
Posterior subcapsular 21 34 57 66 66 244 177 (73) 
Cortical 9 29 76 92 127 333 249 (75) 
Nuclear 6 16 41 53 93 209 145 (69) 
>2 types 
Nuclear + cortical 3 10 15 29 52 109 60 (55) 
Posterior 
subcapsular + cortical a 12 34 52 72 179 115 (64) 
Posterior subcapsular 
+ nuclear 7 12 41 49 68 177 87 (49) 
Posterior subcapsular 
+ nuclear + cortical 29 95 (50) 


Controls 207 (38) 


= 




















1135 (57) 









* Age groups are 5-year intervals centered on 40, 45, etc. 


the relative odds of disease state s with 
respect to the reference state k, for unit 
change in covariate j. We used PLR as our 
basic analytic method to assess in a single 
model the risk of up to seven disease states 
or cataract groups (posterior subcapsular, 
cortical, nuclear, mixed nuclear-cortical, 
mixed posterior subcapsular-cortical, 
mixed posterior subcapsular-nuclear, and 
mixed posterior subcapsular-cortical- 
nuclear) compared with an eighth group 
(control, or disease absent), with respect to 
the variables in Table 1. 

Preliminary data analyses indicated 
that for some biochemistry variables, year 
(time) of examination was a confounding 
variable. Dummy variables D1 and D2 
were created to adjust for possible linear 
and quadratic effects of year of examina- 
tion (1984-1985, 1986, 1987). In every PLR 
analysis, persons missing any of the vari- 
ables included in the model were excluded 
from the analysis. 

Modeling proceeded in three steps. In 
step 1, a "univariable" PLR was done on 
each variable in Table 1, with possible 
confounders age, sex, Dl, and D2 also 
included in the model. Every variable with 
a significant coefficient (P «.05) for at 
least one of the seven cataract types was 
retained for the next step. 

In step 2 the variables were divided into 
four groups (Table 1). In each group, mul- 
tivariable PLR was done on the variables 
retained from step 1 with possible con- 
founders age, sex, D1, and D2 again in the 
model. If high correlations between vari- 
ables in a group suggested possible ambi- 
guity due to colinearity, separate PLRs 
were done with only one of the highly 
correlated variables. Variables in each 
group with a significant coefficient 
(P <.05) for at least one of the seven 
cataract types were again retained for the 
next step, except that among highly corre- 
lated variables of similar type only the 
variable with the most highly significant 
coefficient was retained. 

In step 3a, a multivariable PLR was done 
on all variables retained from step 2, 
including possible confounders. This anal- 


ysis was done only on the subset of patients 
who had biochemical testing. 

In step 3b, multivariable PLRs were 
done on all nonbiochemistry variables 
retained from step 2, including possible 
confounders, to assess the role of interac- 
tions with age and to derive a parsimoni- 
ous model vis à vis number of cataract 
types that still fit the data well, according 
to a x? test of deviance (change in —2 log 
likelihood). 

Comparability of persons with and with- 
out biochemistry studies was assessed by 
testing the deviance comparing (1) a PLR 
model that included all nonbiochemistry 
variables from step 2, an indicator variable 
for whether biochemistry was done, and 
interactions between the indicator vari- 
able and the other variables and (2) a 
reduced model that omitted the interac- 
tions with the indicator variable. 


RESULTS 


A total of 1990 persons, 1441 cases 
and 549 controls, were entered into 
the study (Table 2). Of the 1990 per- 
sons, 5276 were women. We were able 
to recruit at least 200 patients with 


each of the pure cataract types. For, | 


study factors whose prevalence in thé 
controls was 15%, this should have 
given us a minimum power of 0.8 to 
detect odds ratios of 2 or greater in 
two-sided tests at the .05 level of 
significance. Blood biochemistry stud- 
ies were done on 207 (3895) of the 
controls and 928 (64%) of the cases. 
Among seven physiologic variables, 
five showed significant univariable 
associations with one or more cata- 
ract types: height, weight, body mass 
index, systolic blood pressure, and 
hypertension (step 1). When these five 
variables were put in a single PLR 
model (step 2), all but hypertension. 
retained significance. Because of high" 
correlations between hypertension 
and systolic blood pressure and 
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Significant 
Factors 
Antioxidant index 3 
None 


Cataract 


Odds Ratio 
(95% CI) 
0.23 (0.06, 0.88)t 


Change in 
Risk Factor 
High vs low 


None 

Copper 
Hemoglobin 
Ascorbic acid 
Antioxidant index 3 


1.56 (1.09, 2.23)4¢ 1-SD increase 
0.65 (0.45, 0.93)t 
1.87 (1.29, 2.69)1 


0.12 (0.03, 0.56)t 


1-SD increase 
1-SD increase 
High vs low 


. 
. 
E 
. 





* Risk of cataract in terms of odds ratios, by type of cataract compared with controls, for specified changes 
in risk factors. P indicates posterior subcapsular; C, cortical; N, nuclear; and Cl, confidence interval. N = 826. 
Adjusted for potential confounders age, sex, D1, and D2 and for factors systolic blood pressure, body mass 
index, aspirin use, education, cooking fuel, dietary protein, cloud cover, and time spent in near work. 


TRisk decreases with high values. 
+Risk increases with high values. 


No. of 
Parameters Likelihood 
i (No.) NP; 


Model Cataract Types in Model 


Posterior subcapsular, cortical, 
nuclear, mixed, control (5) 


2 Any cataract, control (2) 


3 Posterior subcapsular, cortical, 
nuclear, mixed, control with 
constraints§ on (V8) (5) 


Log 
Deviance 
L; D(ijt 


—2464.0 
—2420.6 


D(2,1) = 108 
D(3,1) = 20.8 


24 (P < .001) 
16 (P = .17) 





* Variables in the models, (V8), are systolic blood pressure, body mass index, aspirin use, education, 
cooking fuel, dietary protein, cloud cover, and time spent in near work, with potential confounders age, sex, D 1, 


D2, and age X D1. N = 1912. 


tDU,) = —2(L; — Lj) = —2 log[(likelihood of model ;)/(likelihood of model /)], where model / is nested in 
model j, ie, parameters estimated in model / are a subset of those estimated in model j. 
tD(j) has approximately a x? distribution with of NP; — NP;. 


8See text and Table 5. 


between weight and body mass index 
(r> .6) in all cataract types, systolic 
blood pressure and body mass index 
were examined together in PLR with- 
out their correlated covariables, were 
found to be significantly associated 
with one or more cataract types, and 
were retained for continued analysis. 

The behavioral variables included 
eight significant, highly correlated 
(47<r<.97) measures of dietary 
nutritional intake (see Table 1) and 
three significant, highly correlated 
(r>.6) measures of smoking (see 
Table 1) (step 1). Dietary protein was 
selected to represent dietary nutri- 
tional intake in further models, as 
there was little evidence to distin- 
guish among the eight measures and 
dietary protein was highly correlated 
with each of the other dietary vari- 
ables (r>.7). One smoking variable 
(never smoked, smoked in past, smoke 
now) was significantly associated 
with more cataract types in univaria- 
ble analysis and was selected to repre- 


-sent smoking in further models. Aspi- 


rin use, marital status, education, and 
cooking fuel were also significantly 
associated with one or more cataract 
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types. When these six variables were 
put in a single PLR model (step 2), 
aspirin, education, cooking fuel, and 
dietary protein remained significant- 
ly associated with one or more cata- 
ract types and were retained for con- 
tinued analysis. 

All six environmental variables 
were significant in univariable PLR 
(step 1). When put in a single model 
(step 2), cloud cover and time spent in 
near work remained significantly 
associated with one or more types 
of cataract. This finding was not af- 
fected by high correlations between 
altitude and temperature (r< —.6) 
and between hours of sunlight and job 
(r> .6). 

Seven of the 19 biochemistry vari- 
ables were significant in univariable 
PLR: hemoglobin, glutathione peroxi- 
dase, glutathione reductase, ascorbic 
acid, vitamin E, copper, and AO8 (step 
1). When put in a single PLR model 
(step 2), all but glutathione peroxi- 
dase remained significantly associ- 
ated with one or more types of cata- 
ract. In step 3a, PLR analysis of these 
six biochemistry variables, together 
with the eight remaining variables 


from the other groups, gave signifi- 
cant associations of the biochemistry 
variables only for cataract types pos- 
terior subcapsular (AO3), mixed pos- 
terior subcapsular-cortical (copper), 
and mixed posterior subcapsular- 
nuclear (hemoglobin, ascorbic acid, 
and AO3). Odds ratios and 95% confi- 
dence intervals are given in Table 3. 
There was no significant difference 
between study persons with and with- 
out biochemistry studies with respect 
to risk of cataract associated with 
nonbiochemistry variables. 

The eight nonbiochemistry vari- 
ables retained for further analysis 
after step 2 were systolic blood pres- 
sure, body mass index, aspirin, educa- 
tion, cooking fuel, dietary protein, 
cloud cover, and near work. Possible 
confounders were age, sex, D1, and 
D2. We refer to this set of 12 variables 
as {V12}. 

To begin step 3b, analysis of devi- 
ance indicated that among interac- 
tions of {V12} with age, only the 
age X D1 interaction was significant. 
In the remaining analyses, age X D1 
interaction was included among the 
possible confounding variables, and 
the full set of variables for analysis 
was (V13) = {V12} and age X D1. 

A simplified model that kept the 
three distinct pure types but collapsed 
all four mixed types of cataract into a 
single mixed type was acceptable by 
test of deviance. This led to the choice 
of model 1 as the final reference mod- 
el in Table 4, where the results of the 
final PLR modeling analyses are giv- 
en. 
The dichotomy “cataract vs no cata- 
ract" was not an acceptable simplifi- 
cation (model 2, deviance D[2,1] = 108, 
24 df, P < .001), indicating that some 
of the four cataract types must be 
retained. 

Examination of the estimates of 
coefficients in model 1 suggested a 
final simplified model 3, in which 
coefficients for a given variable of the 
initial eight nonbiochemistry vari- 
ables were constrained to be equal for 
certain selected cataract types where 
their estimates in model 1 were nearly 
equal and notably different from 
those for other cataract types. These 
constraints were compatible with the 
observed data (deviance D [3,1] = 20.8, 
16 df, P = .17), and model 3 was cho- 
sen as our final, parsimonious model. 
Table 5 gives the odds ratios (ORs) 
based on the model's coefficients and 
95% confidence intervals. 

For use of one or more aspirin per 
month compared with less frequent 
use, risks of posterior subcapsular and 
mixed cataracts were reduced and 
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Table 5.— Summary of Final Polychotomous Logistic Regression" 


Odds Ratio by 


Cataract Types 


Factor 
Aspirin use 0.461 1.00 
Cooking fuel 


Education 


Dietary protein 


Systolic blood pressure 


Body mass index 


Cloud cover 


Time spent in near 
work 


9596 
Confidence 
Intervalt 


1.02 (0.32, 0.66) 
(0.40, 0.98) 


(0.51, 0.76) 


(0.7 1, 0.98) 


(1.25, 1.65) 


(0.64, 0.84) 


(0.68, 0.90) 


(0.82, 1.08) 


Change in 
Risk Factor 


Use <1/mo vs — 1/mo 


Gas vs cow dung, wood 


2-level increase 


1-SD increase 


20-mm Hg increase 


1-SD increase 


4-oktasS increase 


1-SD increase 


Significance Levels for 
Comparisons of 
Coefficients 
(P = Mix) vs 0, P «€ .001; 
(P = Mix) vs C, P< .001; 
(P = Mix) vs N, P< .001 
(C = N = Mix) vs 0, P= .040; 
(C = N = Mix) vs P, 
P= .011 
(P = C = N = Mix) vs O, 
P < .001 
(P = N = Mix) vs O, P = .020; 
(P = N = Mix) vs C, 
P < .001 
(N = Mix) vs O, P < .001; 
(N = Mix) vs P, P < .001; 
(N = Mix) vs C, P < .002 
(N = Mix) vs O, P < .001; 
(N = Mix) vs P, P < .001; 
(N = Mix) vs C, P < .002 
(P = C = N = Mix) vs O, 
P < .002 
(P = C = N = Mix) vs O, 
P= .39 





* Risk of cataract in terms of odds ratios, by type of cataract compared with controls, for specified changes in risk factors. P indicates posterior subcapsular; C, 


cortical; N, nuclear; and Mix, mixed. 


TConfidence intervals are for boldface odds ratios. 


Boldface odds ratios are for coefficients constrained to be equal (model 3, Table 4). Adjusted for confounders age, sex, year of examination (D1, D2), and age X D1 


interaction. 
81 okta is one eighth of sky with cloud cover. 


equal (OR = 0.46). For use of gas as 
cooking fuel compared with wood or 
cow dung, risks of cortical, nuclear, 
and mixed cataracts were reduced 
and equal (OR = 0.62). For any educa- 
tion level compared with education 
two steps lower, eg, secondary vs pri- 
mary, risks of all types of cataract 
were reduced and equal (OR = 0.62). 
For an increase in weighted frequency 
of usual monthly consumption of 
foods rich in protein by 1 SD, risks of 
posterior subcapsular, nuclear, and 
mixed cataracts were reduced and 
equal (OR = 0.84). 

For a 20- mm Hg increase in systolic 
blood pressure, risks of nuclear and 
mixed cataracts were increased and 
equal (OR = 1.44). For an increase in 
body mass index by 1 SD, risks of 
nuclear and mixed cataracts were 
reduced and equal (OR = 0.73). For an 
increase of 4 oktas (1 okta equals one 
eighth of sky with cloud cover) in 
average lifetime exposure to cloud 
cover, based on residence, risks of all 
types of cataract were reduced and 
equal (OR = 0.78). All risks cited were 
significantly different from 1 (P = .04 
for cooking fuel, P — .02 for dietary 
protein, P < .002 for all others). All 
risks cited were significantly differ- 
ent from those for the other cataract 
types, whose risks were all close to 1. 
Hours of near work per week was not 
a significant risk factor in this mod- 
el. 
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COMMENT 


Sources of potential bias need to be 
considered when interpreting our 
results. The possibility of selection 
bias is of special concern in hospital- 
based case-control studies. Our sub- 
jects were selected from a busy outpa- 
tient ophthalmology clinic through a 
two-stage screening process. Screen- 
ing examiners were asked to complete 
eligibility forms for patients seen 
between the ages of 37 and 62 years. 
Although the screening examiners 
were reminded each morning to com- 
plete the forms and periodic checks 
suggested that the examiners were 
cooperating, we have no data on the 
number of potentially eligible candi- 
dates who were seen in the outpatient 
clinic but not referred to the Cataract 
Study Clinic. If there were differen- 
tial referral patterns for cases and 
controls, and these patterns were re- 
lated to the exposures of interest, bias 
could have been introduced by the 
selection process. Since referral to the 
Cataract Study Clinic relieved the 
busy screening examiners from the 
responsibility of completing the 
patients’ workups, there was consid- 
erable incentive to refer patients to 
the Cataract Study Clinic. Although it 
is never possible to eliminate the pos- 
sibility of selection bias in hospital- 
based case-control studies, the incen- 
tive that existed to refer patients, the 


periodic checks suggesting compliance 
by the screeners, and the fact that the 
screeners were unaware of the study 
hypotheses suggest that selection bias 
was not a major factor in explaining 
the study’s results. Because the medi- 
cal social workers who interviewed 
the subjects and the technicians who 
performed the laboratory determina- 
tions did not know the identity of the 
cases and controls, there was little 
potential for bias in the determina- 
tion of exposure status for the various 
potential risk factors. 

Our diagnostic classifications were 
based on written descriptions and slit- 
lamp examinations. Although we took 
precautions to minimize the potential 
for misclassification of cases and con- 
trols, the possibility of some misclas- 
sification exists. A training session 
was held for the examiners before the 
start of recruitment, and periodic 
masked duplications of examinations 
were done. Excellent agreement in 
diagnostic classifications was noted 
on the replicate examinations. Also, to 
maximize the probability that true 
cases and true controls were re- 
cruited, we incorporated visual acuity 
criteria in our definitions of cases and 
controls and required that possible 
vision-reducing conditions other than 
cataract be absent in all subjects. 
Thus, subjects with opacities, vision 
loss, and no other conditions that 
could affect acuity were probably true 
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ases, although the possibility of mis- 
classification of specific type re- 
ed.  Misclassifieation of type 
x the -cases was probably of least 
"our pure cataract groups, 
s of greatest interest. In 
ases the examiner had to certi- 
-the specific type of opacity was 
sent, that no other opacities were 
sent, and that the opacity 
ccounted for the vision loss. Even if 
minor degrees of other opacities were 
missed in the examination, the speci- 
fied opacity was almost certainly 
present in these subjects. The require- 
ment that controls have normal vision 
was imposed to minimize inclusion of 
subjects with substantial nuclear or 
posterior subeapsular opacities as 
controls. These opacities occur cen- 
trally and are more likely to affect 
-= acuity. The visual acuity criterion 
<- gave less assurance of excluding from 
the controls subjects with peripheral- 
. ly occurring cortical opacities. While 
some misclassification error can be 
expected in a large study such as ours, 
to the extent that it occurred we 
would expect diminished estimates of 
relative risk, since the possibility that 
errors of diagnosis could be related to 
exposure status seems remote. 
‘Support for the need to investigate 
miologic associations separately 
he different types of opacities 
ovided by our finding in step 4 
model did not permit collaps- 
cts into simple cataract and 
iract groupings. On the other 
f , our analytic model did permit 
-. ..eollapsing persons with the various 
i mixed types of cataract into a single 
grouping. Thus, in our final model we 
had five groups of subjects— pure pos- 
terior subcapsular, pure nuclear, and 
pure cortical cases; mixed cataract 
cases; and noncataractous controls. 
oo Like previous studies,'* ours found 
a strong association between lower 
. educational achievement and cata- 
^. act. The association was present for 
=: each of the cataract types. Socioeco- 
^ nomie variables related to educational 
achievement are a likely explanation 
of this finding. Related socioeconomic 
variables may also explain the associ- 
ation between type of cooking fuel 
used and all but the posterior subcap- 
sular type of cataracts. Cataracts 
were more common among persons 
using the less expensive cooking fuels 
(cow dung, wood), a group who might 
be expected to have a lower socioeco- 
nomic status. 
"While numerous animal studies 
e shown that nutritional deficien- 
an lead to cataract formation, 
role of nutritional status in 
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human cataractogenesis is unclear." 
A questionnaire was used to deter- 
mine the usual monthly frequency of 
consumption of food sources of eight 
nutritional factors, and these data 
were used to estimate dietary intake 
for each of the nutrients. Not unex- 
pectedly, we found that all of the 
measures of dietary nutritional intake 
were highly correlated; persons who 
had a high intake of one nutrient had 
high intakes of all eight nutrients. 
Although we used dietary protein as a 
surrogate for the nutrients, it was not 
possible to determine whether the 
observed associations were due to the 
protein variable or one of the other 
nutrients. In the multivariable models 
(step 4), we found that higher levels of 
nutrient intake were protective for 
posterior subeapsular, nuclear, and 
mixed types of eataract but not corti- 
cal cataracts. Our finding that 
increased body mass index (weight/ 
height?) was associated with a 
decreased risk of nuclear and mixed 
types of cataract also suggests that 
better-nourished persons may have 
less risk of cataract. 

To supplement the dietary ques- 
tionnaire in characterizing nutrition- 
al status, we performed a battery of 
biochemical tests on a subset of the 
study population. In the full PLR 
model containing the biochemical and 
nonbiochemical variables that had 
survived the earlier data reduction 
steps, the only significant associa- 
tions of the single biochemistry vari- 
ables were for combined posterior 
subcapsular-cortical cataracts (cop- 
per) and combined posterior subcap- 
sular-nuclear cataracts (hemoglobin 
and ascorbic acid) (Table 3). 

Previous studies of the relationship 
between nutritional status and cata- 
racts have provided no clear-cut pat- 
terns. An epidemiologic study in the 
Punjab area of India reported an asso- 
ciation between cataract and low fre- 
quency of current use of protein 
foods.^ Other smaller studies in other 
areas of India of patients with mature 
cataracts and controls reported that 
the patients with cataracts had lower 
plasma levels of zinc and copper!’ and 
a greater tendency toward riboflavin 
deficiency. We were unable to dem- 
onstrate such associations in this 
larger study of specific cataract types, 
in which adjustments were made in 
the analyses for biochemical and non- 
biochemical variables as well as for 
potential confounding variables. As in 
previous Indian studies'*?^ we found 
no associations between cataract and 
thiamine, pyridoxine, or vitamin E 
status in our full models. 
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Beeangé: oxidative mechanism 
thought to play a role in catara 
formation and antioxidant systen 
may act synergistically," three. an 
oxidant indexes that used comb: 
tions of nutrients thought to 
involved in defending against oxid 
tive damage were created. Only. AO 
based on levels of glutathione perox 
dase, glucose-6-phosphate. deh 
nase, ascorbic acid, and vitam 
appeared to be protective for | pos 
subcapsular cataracts and co 
posterior subcapsular-nuclea 
racts (Table 3). In a clinic-based c 
control study of 112 subjects in w 
all opacity types were grouped | 
single cataract category, Jacque: 
al'5 reported that subjects with high 
levels of at least two of three vitami 
(vitamin E, ascorbic acid, or carot 
noids) were at reduced risk of catara 
relative to subjects with low levels 
one or more of these vitamins. ? 
association was found between c 
racts and an antioxidant inde 
cluding the enzymes erythroe 
peroxide dismutase or glutat 
peroxidase. A subsequently rep 
analysis of the same data foun 
the risk of cortical. cat 
reduced for subjects 
els of vitamin D or to 
However, these author 
tioned that interpretation of such 
results is difficult because the rela - 
tionship between vitamin and enzyme 
activity in the lens and in the plasma 
or erythrocytes is not known. While 
difficulties in measuring in vivo levels 
in the lens have caused investigators 
to use plasma and erythrocyte levels 
to characterize antioxidant statüs, 
such measurements may not accurate- 
ly reflect the status of these potential- 
ly protective factors in the lens. 

Our data suggested an association 
between increased levels of blood 
pressure and nuclear and mixed cata- n 
racts. Previous studies that included — 
age- and sex-adjusted analyses have 
reported -a positive association be- 
tween blood pressure and cataract. 
One study of specific cataract types . 
found that with multivariable adjust-. ` 
ment, higher systolic blood pressure . 
levels were significantly more com- 
mon in persons with posterior subcap- 
sular cataracts than in persons with- 
out lens opacities.^ Studies that 
include data on duration of hyperten- 
sion and whether antihypertensive 
medications were used are needed to 
investigate further these suggestions 
of an association between systoli : 
blood pressure levels and cataract. 

Our data suggested. that use one or 
more aspirin a month ^ was 8 protective 
















































for soatetior subcapsular cataract arid 
mixed type of cataract, but not for 
other cataract types. A possible pro- 
tective effect of aspirin for cataracts 
- has been suggested previously,””? yet 
~ other studies have reported no benefi- 
. cial effect from aspirin usage. A clini- 
eal trial among healthy male physi- 
cians reported nó apparent reduction 
in the incidence of cataracts in the 
aspirin-treated group.” Population- 
based observational studies,“ one 
among diabetics,” found no relation- 
ship between aspirin use and catarac- 
ts. In light of the contratictory 
reports to date, further studies may 
be needed to determine whether aspi- 
rin therapy can affect cataract devel- 
opment. 

-. We were not able to quantify indi- 
vidual lifetime exposure to sunlight or 
ultraviolet light. However, we collect- 
ed data on several sunlight- related 
variables and found a decreased risk 
for all pure cataract types among per- 
sons with larger amounts of lifetime 
<- cloud cover at place of residence. 
"Although it is, at best, a crude index 
of sunlight exposure, cloud cover is 
one of the factors used by the US 
National Oceanic and Atmospheric 
Administration in calculating the 
amount of solar radiation at geo- 
. graphic sites." Several ecologic stud- 
jes have reported an association 
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-.. between cataracts -and sunlight or. 
ultraviolet exposure,?"? but there 


have been few studies of these factors 
and specific cataract types. A study of 
extracted lenses reported that the 
percentage of brunescent cataracts 
(nuclear cataracts with a "high degree 
of light scattering plus dark-brown 
pigmentation") increased sharply as 
the latitude of the surgical site 
increased." Another study of specific 
cataract types found that cortical cat- 
aracts were more common in locations 
with increased ultraviolet B radiation 
counts than either nuclear or posteri- 
or subcapsular cataracts.“ Similarly, 
Taylor et al? recently reported that 
watermen with higher ultraviolet B 
exposures may have a higher risk of 
cortical opacities. 

Because a recent epidemiologic 
study in India suggested an associa- 
tion between risk of cataract and 
remembered episodes of dehydration- 
al crisis from severe diarrheal dis- 
ease," we asked our subjects whether 
they had a history of diarrhea that 
required them to stay in bed for more 
than a day. Unlike the earlier study 
that was conducted in a rural area of 
India and asked about diarrheal epi- 
sodes that required 3 or more days of 
bed rest, we found no association 
between severe diarrheal disease and 
cataracts. 
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Silicone Oil for Progressive Anterior Ocular 


















@ We have performed revision of 
vitrectomy and silicone oil injection in 18 
eyes that developed advanced iris neo- 
vascularization and/or anterior hyaloidal 
-.fibrovascular proliferation complicated by 
. retinal detachment or media opacity after 
-> vitreous surgery for the complications of 
- “proliferative diabetic retinopathy. Stabili- 
- zation or regression of the anterior ocular 
yovascular changes was noted in 83% of 
2s. Sustained retinal attachment 
ved in 56% of the eyes, with 
improving to 20/400 or bet- 
of the eyes. Posterior segment 
nd. avascular reproliferation 
major cause of anatomic failure, 
ralized retinal vascular ische- 
a elt to be the principal cause of 
or visual results despite retinal attach- 
ment. Revision of vitrectomy with silicone 
2 oil injection is of limited value in the 
et management of complicated and ad- 
<- vanced anterior ocular neovascularization 
.. -after unsuccessful vitrectomy for diabetic 























: spite tho in managing the 
severe complications of proliferative 
abetic retinopathy, significant post- 
operative complications still occur 
that result in visual failure. Progres- 
sive iris neovaseular and/or anterior 
hyaloidal fibrovascular proliferation 
(anterior ocular neovascularization) 
following diabetic vitrectomy are 
important postoperative complica- 
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> Neovascularization After Failed Diabetic Vitrectom "T 


rooks W. McCuen II, MD, Jeffrey S. Rinkoff, MD 


tions that frequently lead to blind- 
ness.!* 

Silicone oil injection during vitrec- 
tomy or revision of vitrectomy in dia- 
betic eyes has been associated with 
variable effects on postoperative ante- 
rior ocular neovascularization.*? To 
further study the effects of liquid 
silicone oil injection in diabetic eyes, 
we examined all of the eyes with 
advanced anterior ocular neovascular- 
ization that had received silicone oil 
during revision of vitrectomy after 
unsuccessful diabetic vitreous sur- 


gery. 
PATIENTS AND METHODS 


Eyes were included in this series only if 
one of us (B.W. McC.) administered silicone 
oil for progressive, severe anterior ocular 
neovascularization after previous diabetic 
vitrectomy and had associated severe 
media opacity or retinal detachment com- 
plicated by C3-D3 proliferative vitreoreti- 
nopathy (PVR), according to the Retina 
Society classification. Iris neovasculariza- 
tion was considered severe if it was present 
in all four quadrants and was associated 
with stromal involvement in at least one 
quadrant. Where hyphema precluded ade- 
quate preoperative assessment of the iris, 
determination of the severity of iris neo- 
vascularization was made intraoperative- 
ly. Anterior hyaloidal fibrovascular prolif- 
eration was considered advanced if, at the 
time of surgery, it was 180° or more and 
was associated with anterior tractional 
detachment of the pars plana. 

Between July 1983 and June 1987, 19 
patients underwent revision of vitrectomy 
with silicone oil injection for these indica- 
tions. Eighteen of these patients were 
available for a minimum follow-up of 6 
months. The 18 eyes of these 18 patients 
constitute the database for this study. 

All patients underwent a complete pre- 
operative ocular examination, including 


corrected visual acuity testing, measure- . 


ment of intraocular pressure by applana- 



































tion, slit-lamp examination, and, 
possible, contact lens and pinon 


observer assessed the extent ofi iris neovas-- 
cularization, which v was based ee vine 


tus was determined Ju Bisca nul 
raphy and confirmed during the 
my revision. The presence and ex 
pars plana neovascularization was dete: 
mined where possible by scleral depressi ! 
and/or three-mirror biomicroseo[ 
mately, it was confirmed by d 
indentation at the time of the. | 
revision. : 
At each follow-up visit, correct 
acuity testing, intraocular press 
surement, slit-lamp examination, and bin- 
ocular indirect ophthalmoscopy were per- 
formed. Iris neovaseularization was ‘a: 
sessed postoperatively by slit-lamp exami- 
nation and again graded by an independent. 
observer on the basis of the number of 
clock hours of involvement at the pupillary 
margin and of the iris stroma. We judged 
iris neovascularization to have regresse 
in an eye if the number of clock hours of. 
slit-lamp visible peripupillary iris neovas- 
cularization was less than noted preopere 
tively or if stromal neovascularization had. 
become signifieantly less apparent. W 
used scleral depression and/or three-m 
ror biomicroscopy to assess the exte 
any pars plana neovascularization. In e 
with severe media opacity, we determine 
the retinal status on the basis of ultrason- 
ographic findings." | 
Of the 18 patients included in this. study; 
61% were men. The right eye was involved 
39% of the time. The mean age of th 
patients was 4l years, with th 
between 22 and 76 years. The vi: 
in the patiente fellow | E y 
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Silicone Oil for Progressive Anterior Ocular Neovascularization * 


Intraoperative 


Postoperative 
eS 


Preoperative 
M ——————— —————— 


Intraocular Panretinal Intraocular Anterior 
Visual Pressure, Endophoto- Retina Visual Pressure, Ocular Follow-up, | 
Patient Diagnosis Acuity mm Hg coagulation Attached Acuity mm Hg Neovascularization mo p 

1 AON/PVR LP 2 No Yes LP 13 Indeterminate 35 
7 AON/PVR LP 7 Yes No NLP O Stable 21 
8 AON / PVR HM 6 No No NLP 10 Increased 12 
AON/NVG 1/200 33 Yes Yes 1/200 8 Regressed 31 
AON/PVR 3/200 15 Yes Yes LP 12 Stable 24 
AON/PVR HM No Yes 2/200 Stable 25 
HM No No NLP Regressed 11 
HM No Yes 20/200 Stable 16 

AON/PVR LP Yes 20/200 Stable 17 a 


AON / PVR HM 
AON/PVR HM 
AON/PVR LP 
AON/PVR LP 


20/200 
Yes 20/200 
No NLP 

Yes 0/400 


Yes 





Regressed 13 
Stable 14 
Stable 10 
Regressed 10 


* AON indicates anterior ocular neovascularization; PVR, retinal detachment with proliferative vitreoretinopathy; NVG, neovascular glaucoma; LP, light perception; NLP, 
no light perception; and HM, hand motions. 











E] 


Fig 1.— Silicone oil injection for progressive anterior ocular neovascularization and recurrent retinal detachment with 


proliferative vitreoretinopathy after unsuccessful vitrectomy for diabetic retinopathy. Left, preoperative appearance of the 
right eye of patient 16. Right, same eye after revision of vitrectomy and silicone oil injection. Visual acuity improved to 20/200 "a 
despite considerable retinal vascular atrophy. 


my anterior segment neovascularization. 
Five patients had progressive anterior seg- 
ment neovascularization complicated by 
severe media opacity. This media opacity 
was caused by anterior and/or vitreous 
hemorrhage in four eyes and by dense 
cataract in one eye. Three eyes presented 
with neovascular glaucoma with intraocu- 
lar pressures greater than 30 mm Hg. 

In all cases, the operative procedure 
included revision of vitrectomy. Sixteen 
eyes were either already aphakic or under- 
went lensectomy at the time of the silicone 
procedure. Beginning in 1984, even clear 
lenses were removed to facilitate peripher- 
al surgery and because postoperative cata- 
ract was felt to be inevitable. We made 
aggressive attempts to peel and/or delami- 
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nate as much of the still present or recur- 
rent vascular and nonvascular membranes 
as possible by using a bimanual tech- 
nique." 

The 15 patients who underwent opera- 
tions during or after 1984 underwent radi- 
cal vitrectomy at the vitreous base with 
the use of extensive scleral depression.” 
Peripheral traction could not be satisfacto- 
rily eliminated in 6 eyes, necessitating 
peripheral relaxing retinotomies.^ An 
encircling scleral buckle either already 
existed or was placed in 16 eyes, including 
all 13 eyes with PVR. 

Fluid-air exchange with internal drain- 
age of subretinal fluid when retinal 
detachment existed was followed by air- 
silicone exchange using medical-grade sili- 


cone oil of 1000 centistokes. Augmentation 
argon laser panretinal photocoagulation 
could be successfully applied either intra- 
operatively by endophotocoagulation or in 
the early postoperative period by conven- 
tional slit-lamp application in 10 eyes. 
Endoargon cyclophotocoagulation was ap- 
plied to 1 of the 3 eyes with a marked 
increase in intraocular pressure at the 
time of the silicone procedure. 


RESULTS 


The results of this series of 18 eyes 
are summarized in the Table. In 6 of 
the 13 eyes with preoperative retinal Y 
detachments and PVR, the retina was 
entirely reattached posterior to the 
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encircling scleral buckle after one 
operation (Fig 1). Two of the seven 
patients with primary failures under- 
went additional vitrectomy with ana- 
tomic success achieved in 1 eye. At 
follow-up, therefore, in 7 (54%) of 13 
eyes, preoperative retinal detach- 
ments were, ultimately, successfully 
reattached (Fig 1). Visual function 
improved in 6 (46% ) of these 13 eyes, 
was 2/200 or better in 6 eyes (46%), 
and was 20/400 or better in 4 eyes 
(31%) at the last follow-up. 

Of the five eyes with media opacity 
and progressive anterior segment neo- 
vascularization but preoperatively 
attached retinas, two developed in- 
operable posterior traction retinal de- 
tachments by the last follow-up, 
while three eyes remained attached. 
In this group of five eyes, visual func- 
tion improved to 20/200 in one eye 
(Fig 2). 

Overall, of the 18 eyes in this series, 
final retinal attachment posterior to 
Tthe encircling scleral buckle was 

achieved in 10 eyes (56%) and visual 
function was 20/400 or better in 5 eyes 
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(28% ). Four of these 5 eyes received 
augmentation argon laser panretinal 
photocoagulation either intraopera- 
tively or postoperatively. Posterior 
segment vascular and nonvascular 
reproliferation was the major cause of 
anatomic failure, while generalized 
retinal ischemia was felt to be the 
principal cause of poor visual results, 
despite sustained retinal reattach- 
ment (Figs 3 and 4). 

In 15 (83%) of the 18 eyes in this 
series, the anterior segment neovascu- 
lar process was judged to have either 
stayed the same or regressed postop- 
eratively (Fig 2). This stabilization or 
regression of anterior segment neo- 
vascularization was noted in 9 of the 
10 anatomically successful eyes and in 
6 of the 8 eyes that were anatomic 
failures at the end of follow-up. There 
was a pronounced progression of ante- 
rior segment neovascularization in 2 
eyes, and in 1 eye, postoperative cor- 
neal opacification precluded determi- 
nation of the degree of anterior seg- 
ment neovascularization (Fig 5). 

It was not possible to correlate iris 


Fig 2.— Silicone oil injection for progressive anterior ocular neovascularization with opaque media. Top left, Preoperative 
appearance in patient 15, who presented with anterior ocular neovascularization, hyphema, and vitreous hemorrhage 
following conventional vitrectomy for diabetic traction macular detachment. Top right and bottom, Same eye 13 months after 
lensectomy, revision of vitrectomy, augmentation endophotocoagulation, and silicone oil injection. The anterior ocular 
neovascular changes have regressed, and visual acuity has improved to 20/200. 


neovascularization regression or pro- 
gression with the extent of silicone 
filling of the anterior chamber 
because of the difficulty in accurately 
determining the position of the sili- 
cone oil with respect to the anterior 
chamber in this retrospective series. 
There were no evident differences in 
the postoperative responses of the 
anterior segment neovascularization 
between eyes receiving intraoperative 
or postoperative augmentation panre- 
tinal photocoagulation and those eyes 
that did not receive such additional 
laser therapy. 

In none of the 18 eyes was the final 
intraocular pressure greater than 25 
mm Hg. Two of the 13 patients whose 
eyes had an intraocular pressure 
between 5 and 25 mm Hg were receiv- 
ing antiglaucomatous medications at 
the time of the last follow-up. In 5 
eyes (2875), the intraocular pressure 
was 5 mm Hg or less when last exam- 
ined. 

We removed silicone oil in only 
three eyes. None of these eyes devel- 
oped any progression of anterior seg- 
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Fig 3.—Preretinal vascularized reproliferation after silicone oil injection. Left, Eye of patient 8 in the early postoperative 
period following silicone oil surgery. The retina is attached after extensive removal of preretinal proliferations. Right, Same 
eye with inoperable traction retinal detachment due to fulminant vascularized reproliferation 3 months after silicone oil 


surgery. 





Fig 4.—Retinal vascular atrophy after successful silicone oil surgery. Left, Posterior pole of patient 9, 1 week after 
lensectomy, revision of vitrectomy, augmentation endophotocoagulation, and silicone oil injection. Vision rapidly improved to 
20/400 in the early postoperative period. (Right, Same eye 16 months after surgery with the retina still attached, but with 
marked retinal vascular atrophic changes and visual acuity now decreased to 1/200. 


ment neovascular changes after the 
oil was removed. Two of the eyes did 
well with the retina remaining 
attached and visual function stable at 
20/200 during a follow-up of more 
than 1 year. The retina in the third 
eye remained attached, but the eye 
became hypotonic with a final visual 
acuity of only light perception. 


COMMENT 


The development of progressive 
anterior ocular neovascularization is 
one of the most common and poten- 
tially devastating complications fol- 


680 Arch Ophthalmol— Vol 107, May 1989 


lowing pars plana vitreous surgery for 
proliferative diabetic retinopathy.'^ 
In eyes with clear media and attached 
retinas, aggressive augmentation 
panretinal photocoagulation is the 
treatment of choice." In eyes with 
opaque media and/or retinal detach- 
ment, prompt surgical revision with 
lensectomy and extensive endophoto- 
coagulation has been recommended.”* 
Results are poor, however, if the diag- 
nosis is delayed or the neovasculariza- 
tion is advanced.‘ 

The use of silicone oil in vitreoreti- 
nal surgery has remained highly con- 


troversial since its introduction by 
Cibis et al'* in 1962, and in no ophthal- 
mological arena has this controversy 
been more highlighted than in the use 
of liquid silicone for managing the 
complications of proliferative diabetic 
retinopathy.*!>” 

A theoretical rationale exists for 
the use of silicone oil in the manage- 
ment of progressive anterior ocular 
neovascularization after vitrectomy. 
Silicone oil has been shown to act as a 
diffusion/convection barrier to oxy 
gen and to prevent the decrease in 
anterior chamber oxygen tension that 
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Fig 5.—Progression of anterior segment neovascularization after silicone oil injection. Top left, Eye of patient 3 immediately 
after subtotal iridectomy, revision of vitrectomy, augmentation panretinal endophotocoagulation, endocyclophotocoagulation, 
and silicone oil injection for neovascular glaucoma and vitreous hemorrhage following two previous vitrectomy procedures for 
diabetic traction macular detachment. Top right, Same eye with fibrinoid response-causing segmentation of the silicone oil 
bubble in the early postoperative period. Bottom, Same eye 6 months after silicone surgery. Despite sustained posterior 
retinal attachment, the eye developed a vascularized cyclitic membrane and a ‘‘pseudopupil.”’ 


occurs after lensectomy and vitrecto- 
my in the cat.” Stefansson et al” have 
suggested that decreased anterior 
chamber oxygen tension is important 
in the development of anterior seg- 
ment neovascularization. Alternative- 
ly, the barrier effect of silicone oil 
could prevent substances released 
posteriorly from migrating anterior- 
ly, thus protecting the anterior seg- 
ment from potential vasoproliferative 
substances released from the retina.” 
On the other hand, by recreating a 
two-chambered eye after lensectomy 
and vitrectomy, silicone oil might also 
be expected to have adverse effects on 
the posterior retina, leading to an 
increased stimulus for fibrovascular 
proliferation. 

Previous clinical reports suggest no 
uniform effect of silicone oil on ante- 
rior ocular neovascularization after 
diabetic vitrectomy or revision of 
vitrectomy. DeCorral and Peyman’ 
observed no involution of iris neovas- 
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cularization after the use of silicone 
oil, but they also noted that the rubeo- 
sis progressed in none of the eyes in 
their series. Yeo et al* concluded that 
a silicone oil tamponade does “not 
seem to cause regression of iris neo- 
vascularization.” In a series of more 
than 100 eyes, Zivojnovic? observed 
that when silicone oil injection was 
accompanied by lensectomy, rubeosis 
"seldom" developed. 

Charles reported that silicone oil 
in diabetics “virtually eliminates 
anterior segment neovascularization 
if no inferior iridectomy is present." 
Rinkoff et al’ as well as MeLeod* have 
noted that most anatomic failures 
after silicone surgery in diabetic eyes 
did not show development or progres- 
sion of iris neovascularization, as 
might otherwise have been antici- 
pated. 

In 5 of the 18 eyes in our present 
series, the iris neovascularization 
and/or anterior hyaloidal fibrovascu- 


lar proliferation regressed after the 
silicone oil tamponade. In an addition- 
al 10 eyes, there was no increase in 
neovascularization compared with the 
preoperative amount. Further pro- 
gression of anterior neovascular 
changes was apparent postoperatively 
in only 2 eyes. No eye developed per- 
sistent, uncontrolled, postoperative 
increased intraocular pressure in this 
series. 

Given the relatively small size of 
our present series and the numerous 
other maneuvers performed on these 
eyes during their surgical procedures 
(such as reattachment of the retina 
and retinal photocoagulation), it is 
difficult to be certain that the stabili- 
zation and regression of iris neovascu- 
larization noted in our patients were 
mainly attributable to the use of sili- 
cone oil. However, we believe silicone 
to be an important factor. 

Anatomic and, in particular, visual 
results were disappointing. We were 
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tachment posterior to any encir- 
li scleral buckle in 10 (56%) of our 
eyes. Visual acuity at the last fol- 
ow-up examination was 2/200 or bet- 
er in. 7. eyes (39%) and 20/400 or 
"better i in 5 eyes (28% ). 
Complications in these eyes were 
both frequent amd severe. Consistent 
-with the theoretical compartmental- 
-ization effects of silicone oil, we 
)bserved significant posterior repro- 
iferation of fibrovascular mem- 
ies, frequently leading to recur- 
rent retinal detachment. Additional- 
E 7, profound retinal vascular atrophy 
was associated with poor visual func- 
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successfully reattached. It is impossi- 
ble to determine with certainty 


whether this retinal vascular atrophic - 


process was due to the silicone oil or, 
as is more likely, to the very severe 
diabetic retinal disease. 

We conclude that revision of vitrec- 
tomy with silicone oil injection is of 
limited value in managing compli- 
cated and progressive anterior seg- 
ment neovascularization after unsuc- 
cessful, conventional vitrectomy for 
diabetic retinopathy. This is particu- 
larly true with respect to preventing 
the progression of iris and anterior 
hyaloidal fibrovascular proliferation. 


References 


8. Yeo JH, Glaser BM, Michels RG. Silicone oil 
in the treatment of complicated retinal detach- 
ments. Ophthalmology. 1987;94:1109-1113. 

9. Zivojnovie R. Silicone Oil in Vitreoretinal 
Surgery. Dordrecht, the Netherlands: Martinus 
Nijhoff/Dr W Junk Publishers; 1987:95-103. 

10. Charles S. Vitreous Surgery. 2nd ed. Balti- 
more, Md; Williams & Wilkins; 1987:122. 

11. Shugar JK, deJuan E Jr, McCuen BW II, 
Tiedeman J, Landers MR IH, Machemer, R. 
Ultrasonic examination in the silicone-filled eye: 
theoretical and practical considerations. Graefes 
Arch Clin Exp Ophthalmol. 1986;224:361-367. 

12. MeCuen BW II, Hickingbotham D. A fiber- 
optic diethermy tissue manipulator for use in 
vitreous surgery. Am J Ophthalmol. 1984;98:803- 
804. 

13. MeCuen BW II, deJuan E Jr, Machemer R. 
Silicone oil in vitreoretinal surgery, I: surgical 
techniques. Retina. 1985,5:189-197. 

14. Machemer R, MeCuen BW II, deJuan E Jr. 
Relaxing retinotomies and retinectomies. Am J 
Ophthalmol. 1986;102:7-12. 

15. Patel A, Thompson JT, Michels RG, Quig- 
ley HA. Endolaser treatment of the ciliary body 
for uncontrolled glaucoma. Ophthalmology. 
1986;93:825-829. 

16. Michels RG. Vitrectomy for complications 


Currently in Other AMA Journals 


ARCHIVES OF DERMATOLOGY 
Clinics in Dermatology: Pseudoxanthoma Elasticum 
Reviewed by Jouni Uitto, MD, PhD (Arch Dermatol. 1989;124:446) 


tion even when the retina could be : 







the oe proliferative and is- 


chemic processes. are the. primary 





pointing anatomic’ "and L;vjamal- ‘out 
comes in these severe cases. Only a 
randomized clinical trial will ulti- 
mately determine the role of silicone 
oil, if any, in cases with such poor 
prognosis. 
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Transient Hypopyon With Marked Anterior 


Chamber Fibrin Following Pars Plana Vitrectomy 


and Silicone Oil Injection 


Robert N. Johnson, MD; Harry W. Flynn, Jr, MD; Jean-Marie Parel, Ing ETS-G; Lourdes M. Portugal 


e inaretrospective review of 30 cases 
of complex retinal detachment, which had 
been managed by pars plana vitrectomy 
techniques together with silicone oil in- 
jection, we found that two patients devel- 
oped marked postoperative anterior 
chamber fibrin and hypopyon. In all 30 
cases, the same silicone oil was used: 
purified and heat-sterilized trimethylsi- 
loxy-terminated, polydimethylsiloxane of 
1000-centistoke viscosity. Although the 
silicone oil itself remained clear and with- 
out emulsification, the differential diagno- 
sis of this postoperative inflammation 
included microbial endophthalmitis. 
These two cases were treated with fre- 
quent topical steroids and antibiotics 
while we closely monitored the retraction 
of the anterior chamber fibrin. In both 
cases, clinical improvement and long- 
term retinal reattachment with satisfacto- 
ry visual function were achieved. The use 
of intense scatter laser endophotocoagu- 
lation and the presence of impurities in 
the silicone oil may have contributed to 
the excessive postoperative inflammation 
in these cases. 

(Arch Ophthalmol 1989;107:683-686) 


[the management of patients with 

complex retinal detachments with 
advanced grades of proliferative 
vitreoretinopathy (PVR) usually re- 
quires the use of pars plana vitrecto- 


4 my techniques, an encircling scleral 


buckle, and a prolonged retinal tam- 
ponade that utilizes either silicone oil 
or a long-acting inert gas.!?»»5*» Fol- 
lowing extensive intraocular surgery, 
these patients occasionally develop 
marked postoperative inflammation, 
with fibrin deposition in the anterior 
chamber. *(?P!27-133) 

In this report, we describe two 
patients who presented with excessive 
postoperative inflammation and hy- 
popyon following pars plana vitrecto- 
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my, laser endophotocoagulation, and 
silicone oil injection. Because the dif- 
ferential diagnosis in a postoperative 
eye that has marked fibrin and hypo- 
pyon includes endophthalmitis, the 
treatment in this setting may be con- 
troversial. 


PATIENTS AND METHODS 


In a retrospective review of 30 consecu- 
tive cases of complex retinal detachment, 
which had been managed by pars plana 
vitrectomy techniques used with silicone 
oil injection between January 1986 and 
December 1987, we found that two patients 
developed marked postoperative anterior 
chamber fibrin and hypopyon. In all cases, 
surgery had been performed by full-time 
faculty members of the vitreoretinal ser- 
vice at the Bascom Palmer Eye Institute, 
Miami. These patients were not part of the 
multicenter clinical Silicone Oil Study! for 
the evaluation of silicone oil vs long-acting 
gas in the management of patients with 
PVR. 

The silicone oil was from a single source, 
was sterilized in a standard manner, and 
was tested for low-molecular-weight con- 
tent, impurities and volatile concentration, 
and microbial contamination prior to use 
in human eyes (Table). In all 30 cases, the 
same silicone oil was used: a purified and 
heat-sterilized trimethylsiloxy-terminat- 
ed, polydimethylsiloxane of 1000-centi- 
stoke viscosity. 

Standard three-port pars plana vitrecto- 
my techniques were utilized in these cases, 
including the placement of an infusion 
cannula in the inferior temporal quadrant, 
3.5 mm posterior to the limbus, with two 
additional pars plana sclerotomies for the 
vitrectomy instrument and the endoillumi- 
nator. The vitrectomy techniques also 
included the use of vitreoretinal membrane 
peeling and anterior peripheral membrane 
dissection in eyes with PVR.!20»5599 Pneu- 
mohydraulic retinal reattachment was 
performed, and was assisted by an air 
pump and a cannulated extrusion needle.’ 
Scatter laser endophotocoagulation treat- 
ment was applied with simultaneous focal 
treatment surrounding retinal breaks. 

The silicone oil used in these cases was 
transferred from a sterile glass storage 
bottle to a 10-mL syringe. After retinal 
reattachment was achieved, the silicone oil 
was injected into the air-filled eye by using 
a 6-mm-long 18-gauge needle attached 
directly to the syringe. The intraocular air 
was allowed to escape through the opposite 


superior sclerotomy or anterior chamber 
venting needle until the silicone oil menis- 
cus reached the iris plane. At this point in 
the operative procedure, a scleral plug was 
placed in the sclerotomy venting needle, 
and the larger sclerotomy was closed with 
interrupted sutures. 


REPORT OF CASES 


CasE 1.—A 54-year-old diabetic patient 
had a history of proliferative diabetic reti- 
nopathy in both eyes and received limited 
panretinal photocoagulation treatment to 
both eyes. Previous pars plana vitrectomy 
surgery, done elsewhere, in the left eye 
resulted in a posterior retinal break with 
residual epiretinal proliferative tissue 
traction and a total retinal detachment. A 
prominent posterior subcapsular cataract 
was present in the left eye. The right eye 
echographically showed a dense vitreous 
hemorrhage and a traction retinal detach- 
ment involving the macula. 

A pars plana lensectomy, vitrectomy, 
fluid-air exchange, internal subretinal 
drainage, panretinal laser endophotocoag- 
ulation (510 scatter burns), and silicone oil 
injection were performed on the left eye on 
Dec 15, 1986. Twenty milligrams of genta- 
micin sulfate and 2 mg of dexamethasone 
sodium phosphate were injected subcon- 
junctivally at the end of the operative 
procedure. 

On the first postoperative day, the 
patient's visual acuity in the left eye was 
hand motions, and the tension by applana- 
tion was 50 mm Hg. The slit-lamp exami- 
nation showed diffuse microcystic corneal 
edema with the silicone oil interface at the 
iris plane. The inferior iridectomy was 
patent, and there was moderate anterior 
chamber fibrin without hypopyon. Topical 
1% prednisolone acetate, 0.25% scopol- 
amine hydrobromide, and 0.3 mg/dL of 
gentamicin sulfate were initiated. In addi- 
tion, topical (0.5% timolol maleate twice 
daily) and systemic (250 mg of acetazolam- 
ide twice daily) therapy reduced the 
intraocular pressure to 24 mm Hg on the 
second postoperative day, but the visual 
acuity remained hand motions, and moder- 
ate fibrin persisted in the anterior cham- 
ber. 

On the fourth postoperative day, the 
examination showed a visual acuity of 
hand motions, and applanation tension 
was 20 mm Hg. The fibrin increased in the 
anterior chamber (Fig 1), and a nasal 
hypopyon was present (the patient was 
positioned on his right side postoperative- 
ly). However, some fibrin clot retraction 
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was noted from the angle superiorly, and 
the patient had no pain at this time. No 
emulsification of the oil into the anterior 
chamber was visible. The silicone oil 
remained clear postoperatively, and no 
areas of purulence were observed beneath 
the silicone oil. The retina was attached, 
with laser endophotocoagulation burns 


Low-Molecular-Weight (LMW) and Impurity Content of 
Five Clinically Used Silicone Oil Samples * 


Sample/Source/ Viscosity 
an, 
A/Japan/  B/Spain/ C/BPEI/ D/SSG(USA) E/Germany/ 

1000 cs 1000 cs 1000 cs 1000 cs 5000 cs 


LMW, Relative Units 0.090 0.039 


visible in the posterior segment. 

Although a diagnosis of postoperative 
infectious endophthalmitis was consid- 
ered, an exuberant fibrinous reaction to 
surgery and the silicone oil was thought to 
be more likely because of the clarity of the 
silicone oil, the comfort of the eye, and the 
absence of a sequestered area of purulence. 
Topical steroids (1% prednisolone acetate) 
and antibiotics (9 mg/dL of gentamicin 
sulfate and 50 mg/dL of vancomycin 
hydrochloride) were utilized hourly. The 
fibrin clot showed further retraction the 
following day, and the hypopyon was more 
coalesced. The hypopyon resolved com- 
pletely three days later. Two weeks after 
surgery, a small residual area of fibrin 
remained in the central pupillary area. The 
visual acuity at that time was 6/200, and 
the tension by applanation was 6 mm Hg. 

After conventional pars plana vitrecto- 
my with gas tamponade in the right eye 
failed to achieve retinal reattachment, 
similar surgery with silicone oil from the 
same source was undertaken. Even though 
laser panretinal endophotocoagulation was 
performed, this eye did not have similar 
postoperative fibrin deposition as had 
occurred in the left eye. The right eye 
subsequently developed severe neovascular 
glaucoma and no-light-perception visual 
acuity within six months of the vitreous 
surgery. 

Twenty-two months after surgery, on 
Oct 25, 1988, the left eye maintained a 
visual acuity of 20/400 (Fig 2). The appla- 
nation tension was 54 mm Hg OD and 7 
mm Hg OS, with silicone remaining in both 
eyes. The left eye showed moderate rubeo- 
sis iridis, but the inferior iridectomy was 


Element, ppmt 
Aluminum 


Chromium 
Copper 

Iron 
Magnesium 
Manganese 





* All samples were found to be trimethylsiloxy-terminated polydimethylsiloxanes. The elemental composition 
was determined by combustion and induced coupled plasma analysis, the molecular weight distribution was 
obtained by gel permeation chromatography, and the trace elements were quantified by optical emission 
analysis. LMW represents the sample's ratio of molecules having a molecular weight of less than 2400 relative 
units, as defined by Gabel et al.'' cs indicates centistokes; BPEI, Bascom Palmer Eye Institute, Miami; and 


SSG, Silicone Oil Study Group.' 


tAdditional elements were present in all five samples: antimony, <2; arsenic, <5; beryllium, —0.5; bismuth, 
<3; boron, <2; cadmium, <25; calcium, <15; cobalt, <5; gallium, <3; germanium, <3; indium, <3; lead, 
<4; molybdenum, <5; nickel, <5; phosphorus, < 150; silver, —0.5; sodium, <50; tin, <2; titanium, —0.5; 
vanadium, <3; zinc, <40; and zirconium, <5 (all values in parts per million). 


patent, and the anterior silicone oil inter- 
face remained at the level of the iris plane. 
The posterior segment examination 
showed a complete panretinal photocoagu- 
lation pattern with some residual diabetic 
macular edema. Inferior perisilicone pro- 
liferation was present, causing localized 
traction retinal detachment. No scleral 
buckle was present in the left eye. Because 
of the moderate rubeosis iridis in the left 
eye and, yet, acceptable intraocular pres- 
sure and visual function, a decision was 
made not to remove the silicone oil. 

CASE 2.—A 62-year-old patient developed 
no-light-perception visual acuity in his left 
eye, due to recurrent retinal detachment in 
1981. The right eye had had cataract 
extraction with a posterior chamber 
implant performed elsewhere on May 15, 
1987, and a rhegmatogenous retinal 
detachment had occurred postoperatively. 


A scleral buckling procedure was per- 
formed on July 2, 1987, but recurrent reti- 
nal detachment with PVR (grade C3) 
occurred. A pars plana vitrectomy, mem- 
brane peeling, fluid-gas exchange, and 
scatter laser endophotocoagulation treat- 
ment (197 pulses) on the inferior scleral 
buckle were performed on Sept 2, 1987. 
After the gas bubble reabsorbed, a recur- 
rent detachment occurred in the right eye, 
requiring another pars plana vitrectomy, 
membrane peeling, fluid-gas exchange, 
and scatter laser panretinal endophotoco- 
agulation treatment (445 pulses) on Oct 6, 
1987. A recurrent detachment with PVR 
(grade D1) occurred in this eye. 

Further surgery, including membrane 
peeling, internal drainage of subretinal 
fluid, scatter laser panretinal endophoto- 
coagulation treatment (269 scatter burns), 
and silicone oil injection, was performed 


Fig 2—Case 1. At 22 months following surgery, retina is attached and 
EL oa "ek ME ac^ shows panretinal endophotocoagulation scars. 





Fig 1—Case 1. Four days following surgery, nasal hypopyon and 
marked fibrin were present in anterior chamber. 
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Fig 3.— Case 2. Two days following surgery, 5% to 10% hypopyon and 


marked fibrin were present in anterior chamber. 


on Nov 23, 1987. Twenty milligrams of 
gentamicin sulfate and 2 mg of dexameth- 
asone sodium phosphate were injected into 
the subconjunctival space at the end of the 
operative procedure. 

The patient achieved a visual acuity of 
5/200 on the first postoperative day, and 
moderate fibrin deposition was observed in 
the anterior chamber. The tension by 
.. applanation was 30 mm Hg. Two days 
Bore on Nov 25, 1987, he devel- 

oped pain and reduced vision in the right 
'eye. The visual acuity was counting fingers 
at 30 em, and the tension by applanation 
was 42 mm Hg. The anterior segment 
examination showed diffuse microcystic 
edema and a 10% hypopyon with dense 
fibrin on the surface of the iris (Fig 3). 
Hourly therapy with topical 1% predniso- 
lone acetate as well as vancomycin and 
gentamicin was initiated. The patient was 
also treated with topical (0.575 timolol 
maleate twice daily) and systemic (50 mg 
of methazolamide [Neptazane] three times 
a day) glaucoma medications. A repeated 
examination later that day showed no 
increase in the intraocular inflammation, 
A and therapy with the hourly topical medi- 
cations was continued. He subsequently 
had progressive resolution of the anterior 
chamber fibrin and the ocular discomfort 
during the next 48 hours. Eight days fol- 
lowing surgery, on Dec 1, 1987, the visual 
acuity improved to 20/400, the tension by 
applanation was 13 mm Hg, and the retina 
remained attached. 

On Aug 8, 1988, the silicone oil was 
removed from the right eye. The visual 
acuity remained 20/200 OD at a one-month 
follow-up examination performed after oil 
removal (Fig 4). 


COMMENT 


Endophthalmitis following pars 
plana vitrectomy is a rare but visually 
devastating postoperative complica- 
tion. In a retrospective review of 1500 
pars plana vitrectomy procedures, 
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Blankenship* reported three cases in 
which endophthalmitis developed as a 
postoperative complication. The or- 
ganisms identified were Staphylococ- 
cus aureus in two cases and a-hemo- 
lytic Streptococcus in one case. In all 
three cases, no-light-perception visual 
acuity developed despite prompt 
treatment that included injection of 
intravitreal antibiotics. In a review of 
250 vitrectomy cases, May and Pey- 
man? reported a single case of coagu- 
lase-negative Staphylococcus endoph- 
thalmitis. This eye eventually 
developed no-light-perception visual 
acuity. Ho and Tolentino* reported a 
similar experience with four cases 
(Pseudomonas aeruginosa, Staphylo- 
coccus epidermidis, Enterobacter 
cloacae, and a mixed infection with S 
epidermidis and S aureus). In these 
reported cases of endophthalmitis 
after a closed vitrectomy without sili- 
cone oil injection, the final visual acu- 
ity was no light perception. 

In the only reported case, to our 
knowledge, of culture-proved endoph- 
thalmitis following pars plana vitrec- 
tomy and silicone oil injection, Chong 
and associates’ reported eventual com- 
plete loss of vision due to P aeruginosa 
infection. The patient described by 
Chong et al had mild inflammation in 
the anterior segment, clear media pro- 
vided by the silicone oil, and a posteri- 
orly sequestered area of whitish mate- 
rial associated with severe ocular pain. 
This patient underwent removal of the 
silicone oil, vitreous washout, and 
intravitreal antibiotic injection. Be- 
cause of extensive retinal necrosis, the 
eye subsequently became hypotonous 
and developed  no-light-perception 
visual acuity. 





Fig 4.—Case 2. Eight months following surgery, retina remains 
attached. Fundus appearance was unchanged when silicone oil was 
removed. 


In a review of more than 1000 sili- 
cone oil cases, Zivojnovic^?P?*53» re- 
ported four cases of postoperative 
endophthalmitis. The diagnosis was 
made in these cases by his observation 
of purulent material in front of or 
below the silicone bubble in the inferi- 
or part of the globe, and by the onset 
of severe ocular pain. These cases 
were managed by silicone oil removal, 
rinsing the interior of the globe with 
an antibiotic solution, and reinjection 
of silicone oil. In two of the four cases, 
the patient retained visual function 
after this therapy, but the specific 
visual acuity and infecting organisms 
were not specified. Similarly, Feder- 
man and Schubert? reported one case 
of postoperative endophthalmitis that 
followed vitrectomy and silicone oil 
injection, but the culture and visual 
results were not stated. 

Combined topical and subconjuncti- 
val antibioties, and topical corticoste- 
roid therapy without intravitreal 
antibiotics or vitrectomy, have been 
reported to be effective treatment for 
anterior segment postsurgical cases 
with culture-proved S epidermidis 
endophthalmitis.’ O’Day and asso- 
ciates’ reported that 78% of 18 consec- 
utive patients achieved a final visual 
acuity of 20/50 or better. Because of 
the lower virulence of S epidermidis, 
these authors recommended noninva- 
sive therapy as an equally effective 
form of treatment for postoperative 
endophthalmitis caused by this or- 
ganism. 

In suspected microbial endophthal- 
mitis after intraocular surgery, a 
common standard of care includes 
anterior chamber and vitreous aspira- 
tions to perform special stains and 
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ul tures prior to the administration of 
intraocular antibiotics.” In the pres- 
-ence of silicone oil, an anterior cham- 
ber paracentesis for culture has an 
associated risk of producing corneal 
contact with the silicone oil. Further- 
.more, a culture of the intraocular 
-silicone oil would necessitate re- 
opening a sclerotomy to allow oil aspi- 
on or complete oil removal. 
cause of these considerations and 
. oure elinteal i papression that this hypo- 












- antibiotic retail while closely mon- 
: jtoring the subsequent clinical course. 
Since anterior chamber, vitreous cavi- 
| ty, or intraocular silicone oil cultures 

were not performed, we can neither 
confirm nor disprove our clinical 
‘impression that the marked fibrin 
with hypopyon in the anterior cham- 
ber was a noninfectious response. 
. However, the subsequent clinical 
J “course in both cases strongly supports 
this impression. 

À postoperative inflammatory reac- 
tion could be caused by low-molecu- 
lar-weight components, volatiles, and 
impurities in the silicone oil." Mea- 
surements of the polymer's molecular 
weight polydispersity determined by 
. gel-permeation chromatography com- 
pares the oil used in these 30 cases 
with other silicone oils (Table). 
Although the silicone oil we used had 
. no measurable amounts of volatiles 
^ (<0.01%), and had fewer impurities 
than the oil used for patients 
. deseribed by the Silicone Oil Study 
-- Group! and the purified oil used in 
Europe," the presence of these sub- 
‘stances might have been enough to 
cause an inflammatory reaction in 
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these two patients. 

Transient hypopyon has been 
reported to occasionally occur during 
the postoperative course of eyes that 
receive intravitreal bovine thrombin 
for control of intraoperative and post- 
operative bleeding after vitrectomy 
for proliferative diabetic retinopa- 
thy." Although the exact mechanism 
for hypopyon in these cases is not 
known, it has been proposed that 
impurities in the thrombin promote 
the inflammation, leading to hypo- 
pyon formation." Thrombin was not 
used in any of the cases in this 
series. 

A late complication of intravitreal 
liquid silicone oil is emulsification of 
the oil, which enters the anterior 
chamber and fills the superior part of 
the anterior chamber.'* This complica- 
tion has not been described in the 
early postoperative course. On slit- 
lamp biomicroscopy, our two patients 
did not show emulsification during 
either the short- or the long-term 
course. 

Both patients in our report devel- 
oped marked fibrin in the anterior 
chamber and a hypopyon 48 to 96 
hours following pars plana vitrecto- 
my, laser endophotocoagulation, and 
silicone oil injection. While fibrin 
clots and anterior chamber cellular 
response are not uncommon, particu- 
larly in a setting where there have 
been multiple previous surgical proce- 
dures such as with case 2, the marked 
postoperative inflammation with hy- 
popyon seen in our two patients repre- 
sents an unusual occurrence.’ An 
exaggerated inflammatory reaction, 
possibly due to contaminants present 
in the silicone oil" and possibly 
related to the intensive panretinal 
laser endophotocoagulation (Jay L. 
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August 1988) was the primary diagno- 
sis, although a bacterial cause could 
not be excluded. Both cases were suc- 
cessfully managed with intensive top- 


ical antibiotics and steroids, and * 


without invasive therapy. Patient 1 
developed a fibrinous response imme- 
diately postoperatively, which in- 
creased further by the second day 
following surgery. However, the 
patient noted no increase in pain and, 
indeed, was more comfortable. In con- 
trast, patient 2 developed a definite 
increase in pain associated with more 
inflammation and an elevated intra- 
ocular pressure. His eye had under- 
gone multiple intraocular procedures 
that placed him at an increased risk of 


developing an exuberant postopera- »- 
tive inflammatory response. Neither ~ 


patient had a localized purulent area 
beneath the silicone oil like that 
described by Chong and associates’ or _ 
by Zivojnovic.Zoe771:» us 

Our two patients demonstrated an 
unusual early postoperative inflam- 
mation with marked anterior cham- 
ber fibrin and hypopyon and were 
managed with topical therapy alone, 
avoiding invasive techniques. One 
may choose to perform an anterior 
chamber paracentesis, silicone oil cul- 
tures, and intraocular antibiotic injec- a 
tion in cases that do not respond to 
the administration of frequent topical 
steroids or in cases where sequestered 
areas of purulence are beneath the 
silicone oil. 
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Kineties of Intraocular Gases 


Disappearance of Air, Sulfur Hexafluoride, and 







! T. Thompson, MD 


=e Intraocular gas bubbles are an 
important source of internal tamponade 
— for the treatment of retinal breaks in eyes 
|. requiring vitrectomy. The kinetics of dis- 
. appearance of air, 20% sulfur hexafluo- 
ride, and 10% perfliuoropropane were pro- 
spectively evaluated in 76 eyes undergo- 
ing pars plana vitrectomy. The absorption 
of each gas approximated a first-order 
tic equation with respect to bubble 
me. The half-life of air was 1.6 days in 
and 0.9 days in aphakic eyes. The 
alf-life of 20% sulfur hexafluoride was 
jays in phakic and 2.4 days in aphakic 
a eyes. The half-life of 10% perfluoropro- 
-pane was 5.7 days in phakic, 4.5 days in 
-> aphakic, and 4.3 days in pseudophakic 
.' eyes. The difference in half-life among the 
three gases was significant. Intraocular 
|. . gases had a shorter half-life in aphakic 
^. "than in phakic eyes. 
~ (Arch Ophthalmol. 1989;107:687-691) 

























traocular gas bubbles are an 
important adjunct in providing 
ernal tamponade of retinal breaks 
the treatment of certain retinal 
tachments and the management of 
retinal breaks in eyes with vitrecto- 
= my. The geometry and the kinetics of 
"^. disappearance of the intraocular gas 

bubble are important in determining 

whether the intraocular bubble will 

tamponade the retinal break suffi- 
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ciently long for a chorioretinal adhe- 
sion to form around the break. Long- 
acting and expansile intraocular gas 
bubbles have been used to lengthen 
the duration of intraocular tampon- 
ade but may be associated with com- 
plications such as corneal endothelial 
damage, cataract, or elevated intra- 
ocular pressure.'* Previous studies of 
the disappearance of long-acting 
intraocular gases in human eyes have 
used expansile gas mixtures, which 
have the advantage of longer intra- 
ocular tamponade but have the disad- 
vantage of a greater risk of elevated 
intraocular pressure during expan- 
sion of the gas.** The current study 
evaluates the kinetics of disappear- 
ance of nonexpansile concentrations 
of intraocular gases in human eyes. 
The kineties of disappearance of 
intraocular gas bubbles have been 
investigated primarily in rabbits and 
owl monkeys because of the difficulty 
measuring intraocular bubble volume 
noninvasively in human eyes. Three 
noninvasive techniques have been 
used to estimate intraocular bubble 
size in human eyes. The first tech- 
nique by Parver and Lincoff™ calcu- 
lates the intraocular bubble volume 
from an estimate of the angular 
extent of the arc of bubble contact in a 
spherical eye using indirect ophthal- 
moscopy. This technique requires esti- 
mation of the angular extent of the 
bubble contact with the retina, 
observed through the dilated pupil. 
The second technique, reported by 
Jacobs, uses A-scan biometry to cal- 
culate the bubble volume from a mea- 
surement of the meniscus height as a 
percentage of the axial length of the 
eye with the patient's head in the 
prone position. This technique has the 


Vol 107, May 1989 






























advantage of giving a quanti 
measurement of the intra ul 
meniscus height but requires 
brated A-scan ultrasonography 
each estimate of bubble volume. Th. 
third technique, reported by Wo 
and Thompson,? uses an estimat 
the bubble meniscus height as a p: 
centage of the vertical diameter of 

eye to calculate the volume. 
intraocular bubble. This model 
ject to error in the estimatior 

meniscus height but was reproduci. 
within 10% of meniscus height i1 90 
of observations. The model of estir 
tion of bubble volume by bubbl 
meniscus height has been applied 
the current study to evaluate the 
kinetics of disappearance of air, sulfu 
hexafluoride (SF,), and perfluorop 
pane (C,F,) in human eyes after par 
plana vitrectomy. 








PATIENTS AND METHODS - 


The kinetics of disappearance e air 
207; SF,-air mixture, and 10% C,F,-air. 
mixture were evaluated prospectively in 76. 
eyes of 70 patients undergoing pars plar 
vitrectomy for complicated retinal deta 
ments or complications related to diabe 
retinopathy. All eyes had removal of 
posterior vitreous and as much anterio 
vitreous as could be safely removed: 
depending on the status of the lens. There. 
were 37 phakie eyes, 19 aphakic eyes, and. 
20 pseudophakie eyes. The SF, and CR 
were the highest grade available, with. a 
purity of greater than 99 mol/dL. - | 

The gases were drawn up through ES 
0.22-um filter (Millipore) into. a. 10-mL. 
Sy ringe, and this was discarded t to be cere 








TES o UESIN 
` 


exchange was performed in all eyes, filling 
the vitreous cavity with filtered air from 
an automated air infusion system before 
injecting the gas into the eye. Subretinal 
fluid was drained through posterior or 
peripheral retinal breaks in most eyes so 
the retina was flat and the vitreous cavity 
was entirely filled with air. The scleroto- 
mies were closed airtight before injecting 
the SF, or C,F,. 

The volume of the vitreous cavity was 
estimated using the following formula. The 
vitreous cavity volume was assumed to be 4 
mL in a phakic or pseudophakic eye, and 
the internal eye volume was assumed to be 
5 mL in an aphakic eye." If a scleral buckle 
was placed, then the estimated intraocular 
volume displacement of the scleral buckle 
was subtracted from the phakic or aphakic 
ocular volume." Eyes with scleral buckles 
had a radial 5-mm sponge, 2.5-mm-wide 
silicone band (No. 240), or 7 X 3-mm tire 
(No. 287 + 240). The scleral buckle volume 
displacement subtracted from the vitreous 
cavity volume was 0.15 mL for a 5-mm 
sponge, 0.5 mL for a No. 240 band, and 1.5 
mL for a 7 X 3-mm tire, as measured previ- 
ously in human eyes." 

The final vitreous cavity volume was 
then used to determine how much gas to 
inject to create a 20% SF, or 10% C,F, 
bubble. For example, if a 10% C,F, bubble 
was desired in an eye with a 4-mL vitreous 
volume, then 0.4 mL of pure C,F, was 
injected into the eye. If additional SF, or 
C,F, needed to be injected to increase the 
intraocular pressure to the 5- to 15-mm Hg 
range, then the remaining gas in the 
syringe was diluted to a 20% SF, or 10% 
C,F, mixture and this mixture was injected 
into the eye. If the intraocular pressure 
was greater than 20 mm Hg after injection 
of the pure gas, then a small amount of gas 
was withdrawn through a different punc- 
ture site after waiting 60 seconds to allow 
the pure gas to mix with the intraocular 
air. All gas injections were made through 
the pars plana with a 30-gauge needle. 

The intraocular bubble meniscus height 
was monitored daily while the patient was 
hospitalized. The examiner sat on the bed 
next to the seated patient while wearing 
the indirect ophthalmoscope and esti- 
mated the intraocular bubble height as a 
percentage of the vertical diameter of the 
eye. The following guidelines were helpful 
in making this estimate: a meniscus level 
at the inferior limbus corresponded to a 
75% bubble, a meniscus level splitting the 
cornea in half corresponded to a 50% bub- 
ble, and a bubble meniscus at the superior 
limbus corresponded to a 25% bubble. Care 
was taken that the patient’s eye, light 
beam from the indirect ophthalmoscope, 
and examiner’s eye were level and parallel 
to the ground when the bubble height was 
estimated. It was often helpful to have the 
patient briefly look up or down to identify 
the meniscus and to be certain that the eye 
was level when the meniscus height was 
estimated. The meniscus was also esti- 
mated one or more times with the patient 
as an outpatient between 3 and 29 days 
postoperatively, depending on the duration 
of the bubble. No estimates of intraocular 
bubble meniscus height were made once 
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mlr? — y?)dy = (4/3)rr°[3P? — 2P?] 


Fig 1.— The geometric model that converts bubble meniscus height at y, to volume (V, in cubic 
millimeters). r indicates radius of the eye; P, bubble percentage (y, = r — 2Pr); x and y, variables; 
and h, anterior segment height of the polar cap. The single integral above has a discrete algebraic 
solution, and the double integral below is solved by numerical integration. 


the bubble was less than 5% because of the 
inaccuracy in estimating the size of a small 
intraocular gas bubble. 

The seven eyes with air had an average 
of 2.7 intraocular gas bubble meniscus 
estimates, with 7, 6, 3, 1, 1, and 2 measure- 
ments on days 1, 2, 3, 4, 5, and 6, respective- 
ly. Thirty eyes with SF, had an average of 
3.4 intraocular gas bubble meniscus esti- 
mates, with 30, 27, 14, 3, 3, 18, 6, and 1 
measurements on days 1, 2, 3, 4, 5, 6, 8, and 
10, respectively. Thirty-nine eyes with C,F, 
had an average of 3.8 intraocular gas bub- 
ble meniscus estimates, with 38, 35, 19, 1, 2, 
18, 5, 7, 1, 1, 2, 2, 5, 2, and 2 measurements 
on days 1, 2, 8, 4, 5, 6, 7, 8, 11, 12, 18, 14, 15, 
16, and 17, respectively, and 1 measure- 
ment each on days 19, 21, 22, 24, 27, 28, and 
29. The eyes were examined between 21 and 
40 days postoperatively, and the intraocu- 
lar bubble had disappeared in most eyes or 
was 5% or less in a few eyes with C,F, 
intraocular bubbles. The meniscus height 
was estimated and recorded by the surgeon 


in all eyes. The intraocular bubble menis- 
cus estimate was made without comparing 
previous intraocular meniscus estimates 
on the same eye. The intraocular volume 
was not calculated from the meniscus 
height, and the kineties of bubble disap- 
pearance were not analyzed until comple- 
tion of the study to avoid biasing the 
intraocular bubble meniscus estimates. 


Calculation of Intraocular Bubble Volume 


The volume of the intraocular gas bubble 
was calculated based on a geometric model 
of the eye that converts the meniscus 
height to the intraocular bubble volume.'? 
The aphakic human eye was assumed to be 
a sphere, and the intraocular volume of a 
bubble of a given meniscus height is given 
in Fig 1. The phakic or pseudophakic eye 
was assumed to be a sphere with the 
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volume of the polar cap of the anterior", 


segment subtracted from the appropriate 
meniscus height (Fig 1). Numerical inte- 
gration methods accurate to within 0.1% 
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Fig 2.— The intraocular bubble volume predicted from the intraocular 
bubble meniscus height for aphakic, pseudophakic, and phakic eyes 
using the equations in Fig 1. The internal diameter of the eye is 
assumed to be 21.5 mm. The anterior segment height of the polar cap 
is assumed to be 4.0 mm for pseudophakic eyes and 7.0 mm for phakic 
eyes. 
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Fig 3.—A comparison of the disappearance kinetics of a perfluoropro- 
pane gas bubble predicted by the volume model (model 1) vs the 
surface area model (model 2) for an aphakic eye. Model 1 assumes 
that a constant percentage of the intraocular volume of the gas is 
absorbed for each equal time interval. Model 2 assumes that the gas is 
absorbed at a constant rate of the surface area of contact of the bubble 
for each interval. Compared with model 2, model 1 shows a more rapid 
initial decline in absolute volume but a slower decline in absolute 
volume when the intraocular bubble is small. 


were used to calculate the volume of the 
sphere minus the anterior segment volume 
at that meniscus height for phakic and 
pseudophakic eyes. The internal diameter 
of each eye was assumed to be 21.5 mm and 
the depth of the anterior segment was 
assumed to be 4.0 mm for pseudophakic 
eyes and 7.0 mm for phakic eyes. A 
graph of the intraocular volume vs the 
meniscus height for phakic, pseudophakic, 
and aphakic eyes is plotted in Fig 2. 


Calculation of Intraocular Bubble 
Surface Area of Contact 


The internal surface area of the contact 
of the bubble of the eye is proportional to 
the percentage of the intraocular gas bub- 
ble. Hence, an 80% intraocular gas bubble 
contacts approximately 80% of the inter- 


nal surface of the globe and a 10% intra- 


ocular gas bubble contacts 10% of the 
surface area of the globe. 


Calculation of the Kinetics of 
Disappearance of Air, SF,, and C.F, 


The absorption of intraocular gas bub- 
bles was calculated using two models: (1) 
natural logarithm of bubble volume vs 
time, and (2) surface area of contact of the 
intraocular bubble vs time. Model 2 was 
chosen for analysis in addition to model 1 
since it is possible that the absorption of 
intraocular gas 1s primarily related to sur- 
face area of contact of the bubble to the 
retina rather than the bubble volume. 
Model 1 and model 2 predict different 
kinetics of absorption of intraocular gases. 


.* With model 1, the absorption of nonexpan- 


sile intraocular gas bubbles has been 
reported to approximate a first-order 
exponential equation with respect to 
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intraocular gas bubble volume vs time.'?/*5 
Thus, a constant percentage of remaining 
bubble volume is absorbed for each time 
interval. Linear regression analysis was 
performed on plots of the natural loga- 
rithm of the estimated intraocular bubble 
volume vs time. The half-life of each 
intraocular bubble (t,,) can be calculated 
from the slope of the regression line (k): 
t, = 0.693/k. The intraocular bubble half- 
life caleulated by model 1 is relatively 
insensitive to the estimate of the internal 
diameter of the eye used to calculate the 
intraocular volume. The half-life of 20% 
SF, and the half-life of 10% C;F, in aphak- 
ic eyes were also calculated using different 
internal diameters of the eye and were 
found to vary by less than 1% whether the 
internal diameter of the eye was assumed 
to be 20, 21.5, or 28 mm. The insensitivity of 
the regression analysis to the internal 
diameter of the eye can be understood by 
recalling that in model 1 a constant per- 
centage of the remaining bubble volume is 
absorbed per unit time rather than a con- 
stant volume. With model 2, linear regres- 
sion was also performed on plots of the 
surface area of contact of the intraocular 
bubble to the retina vs time to determine 
whether the disappearance of intraocular 
gas more closely fit model 1 (log intraocu- 
lar bubble volume vs time) or model 2 
(surface area of contact of the intraocular 
bubble model vs time). 


RESULTS 


The disappearance of intraocular 
gas bubbles was evaluated by linear 
regression analysis of the natural log- 
arithm of the predicted intraocular 


bubble volume (model 1) at each time 
interval for the phakic, aphakic, and 
pseudophakic eyes with air, SF,, and 
C,F,. The least-squares line was calcu- 
lated from the data for each eye and a 
weighted slope calculated from multi- 
ple regression analysis of the individ- 
ual slopes. The mean coefficients of 
correlation squared of the regression 
equations for eyes with air, SF,, and 
C,F, were .987, .965, and .967, respec- 
tively. Table 1 gives the intraocular 
bubble half-life, the SE of the bubble 
half-life, and the £ test value of the 
weighted slopes for each group. There 
was only one pseudophakic eye with 
air and one pseudophakic eye with 
SE, so these groups were excluded 
from the analysis in Table 1. The 
slopes between each category and 
bubble type were compared with one 
another to determine if the bubbles 
had different kinetics in phakic, 
aphakie, and pseudophakic eyes. 
Aphakic and pseudophakic eyes had a 
shorter bubble half-life than phakic 
eyes. This difference in phakic vs 
aphakic eyes was statistically signifi- 
cant in eyes with C,F, and air (Table 
2). The differences in the half-life 
among eyes with different gases (air, 
SF, and C,F,) were statistically sig- 
nificant for each gas, whether the eye 
was phakic or aphakic (Table 2). 
Multiple linear regression analysis 
was also performed on the surface 
area of bubble contact vs time (model 
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Table 1.—Intraocular Bubble. Disappearance Kinetics * 


Status of Lens 

Phakic 

Aphakic 

Phakic 

Aphakic 

Phakic 
Aphakic 
Pseudophakic 


20% SFe 
20% SFe 
10% CaFg 

10% C3Fg 
10% C3Fg 


Half-life, 
Mean + SE, d 


1.6 + 0.15 
0.9 + 0.05 
2.8 + 0.15 
2.4 + 0.19 
5.7 + 0.33 
4.5 + 0.29 
4.3 + 0.46 





* SFg indicates sulfur hexafluoride; C3Fg, perfluoropropane. 
tP value of weighted slope of multiple regression equations for each gas. 


2). The linear regression equation of 
the surface area of contact also fit the 
data well for large and intermediate- 
sized bubbles. Model 2 did not fit the 
data as well as model 1 for small 
bubbles. The reason for this differ- 
ence can be understood by analyzing 
the prediction of these two models 
for large and small bubbles. Model 
2 would predict the same time for 
the bubble to go from a 90% to an 80% 
bubble than from a 20% to a 10% 
bubble. Model 1 would predict a short- 
er time for the bubble to go from a 
90% to an 80% bubble than from a 
20% bubble to a 10% bubble (Fig 3). 
This is a result of the fact that the 
bubble volume decreases at a constant 
percentage of the remaining bubble 
volume in model 1 (ie, 4.8 mL [100% 
bubble], 2.4 mL [50% bubble], 1.2 mL 
[33% bubble], 0.6 mL [22% bubble], 
etc), while the bubble volume de- 
creases at a constant percent in model 
2 (100%, 50%, 0%). 

There did not appear to be a differ- 
ence in the kinetics of absorption of 
intraocular gases in eyes with or with- 
out scleral buckles. It was noted that 
the intraocular bubble appeared to 
last longer than normal in two eyes 
with severe postoperative hypotony. 
There were occasional increases in 
intraocular pressure in eyes with 
these nonexpansile bubbles. These 
increases in intraocular pressure were 
transient and were easily controlled 
by the use of topical timolol or, rarely, 
acetazolamide. The bubble volume 
was never observed to increase in size, 
confirming that the gas mixtures 
were nonexpansile. 


COMMENT 


Much of the previous work on the 
kinetics of disappearance of air, SF,, 
and C,F, has been done in animal eyes 
because of the difficulty of estimating 
bubble volume noninvasively. The 
half-life of 100% SF, calculated from 
data of Abrams et al^ for phakic 
rabbit eyes without vitrectomy is 
approximately 52 hours after maxi- 
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mal gas expansion. The half-life of 
100% SF, in phakic owl monkey eyes 
without vitrectomy calculated from 
the data of Fineberg et al’ was 
between 48 and 60 hours after maxi- 
mal gas expansion. The half-life of 
20% SF,-80% air mixture in aphakic 
rabbit eyes after vitrectomy was 19 
hours.?^ The half-life of a nonexpan- 
sile mixture of 20% SF, in aphakic 
and phakic human eyes after vitrecto- 
my in the current study was 2.4 to 2.8 
days. The SF, had a shorter half-life 
in human aphakic eyes than phakic 
eyes, but this difference did not reach 
statistical significance (P < .15). 

The half-life of 100% C,F, in phakic 
rabbit eyes was 6 days after maximal 
expansion.'*!© The half-life of 100% 
C,F, in human eyes undergoing retinal 
detachment repair without vitrecto- 
my was estimated between 20 and 50 
days after maximal expansion.*" The 
time of complete absorption of 100% 
C,F, in a mixture of phakic and 
aphakic eyes after retinal reattach- 
ment with vitrectomy was from 30 to 
97 days? This would correspond to a 
half-life of 6.75 days to 23.5 days if one 
assumes that it took 3 days for the gas 
to reach maximal expansion and then 
four half-lives for the gas to absorb 
completely. The half-life of a nonex- 
pansile mixture of 10% C,F, in phakic, 
aphakic, and pseudophakic eyes in the 
current study was 5.7, 4.5, and 4.3 
days, respectively. The differences in 
the C;F, half-life between phakic and 
aphakic eyes as well as between pha- 
kic and pseudophakic eyes was statis- 
tically significant (P < .05). The dif- 
ferences in the half-life of SF, and 
C,F, bubbles in studies from different 
investigators could be related to a 
number of factors, which include (1) 
the percentage of the gas-air mixture, 
(2) technique of measurement of the 
intraocular bubble size, (3) status of 
eye (phakic vs aphakic, vitrectomy vs 
no vitrectomy, buckle vs no buckle, the 
geometry of the buckle if present), 


and (4) the species (rabbit, owl mon- 


key, human). 


— 9 ee pee mm 


| Table 2.— Comparison of Half-life 
of Air, SFe, and C3Fg* 


Gas/Lens Status pet 
Phakic eyes 















Air vs SFg .05 

Air vs CaFg .025 

SFe vs C3Fg .001 
Aphakic eyes 

Air vs SFg .01 

Air vs CaFg .005 

SFe vs CaFg .005 






Phakic vs aphakic eyes 
Air / phakic vs 











air / aphakic .05 
SFeg/phakic vs 

SFg/aphakic “15 
C3Fg/phakic vs 

C3Fg/aphakic .025 
C3Fg8/phakic vs 






CsFa/pseudophakic 





* SFg indicates sulfur hexafluoride; C3Fg, perfluor- 
opropane. 

tP value comparing two-tailed t test of weighted 
slope, correcting for unequal degrees of freedom. 


There are differences in the appar- 
ent half-life of SF, and C;F, when pure 
gas is used compared with a nonex- 
pansile air-gas mixture. The 20% SF,- 
air mixture and 10% C,F,-air mixture 
were chosen for the current study 
since each mixture is nonexpansile.'>'® 
Nonexpansile gas mixtures have the 
advantage of less risk of elevated 
intraocular pressure. It is also less 
complicated to analyze the mathemat- 
ies of kineties of disappearance of 
nonexpansile gas mixtures than 
expansile mixtures. This can be 
understood by considering the time 
course of expansion and disappear- 
ance of an expansile gas mixture. The 
expansion and disappearance of an 
expansile intraocular gas bubble has 
three stages. ?'*? The first stage is 
characterized by an initial rise in the 
intraocular bubble volume as nitro- 
gen, carbon dioxide, and oxygen rapid- 
ly enter the pure SF, or C;F, intraocu- 
lar gas bubble. The oxygen and carbon 
dioxide equilibrate rapidly in the gas 
bubble in the first stage. The second 
stage occurs as nitrogen enters the 
bubble more slowly and the SF, or 
C,F, begins to be absorbed into the 
cireulation. The intraocular volume 
will start to decrease slightly in the 
second stage. The third stage occurs 
when the concentration of nitrogen in 
the bubble equilibrates with the 
bloodstream such that all of the gases 
diffuse out of the bubble at a rate 
proportional to their concentration in 
the bubble. The decrease in volume in 
the third phase is best described by a 
first-order exponential equation of 
the form V = V,e^*", where V is the 
bubble volume, V, is the initial volume 
after equilibration of nitrogen (vol- 
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me at the beginning of stage 3), k is 
the decay constant, and t is time.“ The 
equilibrium constant equals the slope 
the natural logarithm of the vol- 
~ time. The half-life of the 
cular gas bubble is t, = 0.693/k, 
loted above. The advantage of 
ng a nonexpansile gas concentra- 
nin this study was that stage 1 was 
liminated and stage 2 shortened. 
Hence, the disappearance of the 
."intraocular gas bubble in theory could 
be calculated more accurately since 
there was no need to correct for stage 
1 and the initial phase of stage 2. 
Differences in the apparent kinetics 
of disappearance of SF, and C,F, in 
different studies may also be related 
to the technique of estimation of 
intraocular bubble volume. The limi- 
ations of the analysis of the kinetics 
of disappearance of air, 20% SF, and 
10% C,F, in human eyes in this and 
other studies was that the intraocular 
volume had to be estimated noninva- 
sively. These studies make the 
assumption that the geometric model 
of the bubble meniscus height can 
reasonably accurately predict the vol- 
ume of an intraocular gas bubble. The 
current technique can be subject to 
errors in the estimate of the bubble 
niscus height by the observer or 
tent to which an ideal geometric 
el can be applied to the eye. None- 
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theless, this model gave very consis- 
tent estimates of bubble half-life with 
an SE of about 10% of the half-life for 
each gas in this study. Further differ- 
ences in the apparent kineties of 
absorption of intraocular gases in dif- 
ferent studies can be related to wheth- 
er the eye had a vitrectomy. Eyes with 
vitrectomy would be expected to have 
more convection, which has been 
shown to increase the rate of intra- 
ocular gas bubble absorption.” The 
status of the lens may also be impor- 
tant in determining the rate of con- 
vection as well as the absorption from 
tissues in contact with the gas bubble. 
There was a definite trend toward 
shorter intraocular bubble half-life in 
aphakic and pseudophakic eyes com- 
pared with phakic eyes, and this dif- 
ference was statistically significant 
for intraocular air and C,F, bubbles. 
There may also be intrinsic differ- 
ences in the absorption of gases in 
different mammals because of differ- 
ences in the physiology of retina, cho- 
roid, and other tissues in contact with 
the bubble. 

Predictability of the kinetics of 
intraocular gases is important since 
the surgeon must choose the type of 
gas and the size of the intraocular gas 
bubble to achieve adequate duration 
of intraocular tamponade of the reti- 
nal break. The location of the break 
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sized bubble than an inferior bre 
long-acting intraocular gas ! 

necessary in certain circumstan 
but long-acting intraocular gas 
bles should not be used indiseri 
nately because of the need for 
longed head positioning and poss 
complications, including elevate 
traocular pressure, progression 0 
aracts, corneal endothelial dama 
aphakie eyes, possible prolo 
intraocular inflammation, restri 
tions on air travel, and. prolon 
visual rehabilitation, since the patie 
cannot see through a moderate 
large bubble. An improved unde 
standing of the kinetics of disappea 
ance of intraocular gases. can help 
avoid these complications yet gain t] 
important advantages of internal 
tamponade of retinal. breaks. with 
intraocular gas bubbles. | 
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@ Twelve patients (17 eyes) with the 
acute retinal necrosis syndrome were 
nalyzed with special reference to the 
evelopment of an acute optic neuropa- 
x patients (9 eyes) without acute 
ptic nerve involvement were treated with 
travenous acyclovir sodium and/or 
vitreoretinal surgery (group 1). Six 
patients (8 eyes) fulfilling absolute and 
tive. criteria for acute retinal necrosis 
optic neuropathy were treated with intra- 
venous acyclovir as well as optic nerve 
sheath decompression, and, in addition, 
some of these patients also underwent 
treoretinal surgery. Despite more pro- 
isual loss compared with 
| in group 2 regained 
10/400 or better. In con- 
eyes in group 1 main- 
y level visual acuity, and 
ities of the remaining 7 eyes 
ounting fingers or worse. 
' acute optic neuropathy 
ig the acute retinal necrosis 
syndrome appears to benefit from prompt 
recognition and surgical decompression 
of the intraorbital optic nerve meninges in 
conjunction with intravenous acyclovir. 

(Arch Ophthalmol. 1989; 107:692-696) 














though the acute retinal necrosis 
ARN) syndrome is a well- 
ed: élinical entity'' and treat- 
often achieves anatomic reat- 
nt of. the retina," visual func- 
remains severely 
sed. ‘Because of the probable 
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cute Retinal Necrosis Neuropathy 


inical Profile and Surgical Therapy 
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pathogenetic involvement of the her- 
pesviruses and because of intense 
intraocular inflammation leading to 
necrotic and detached  retinas, ^^ 
therapy usually has consisted of anti- 
viral, and oceasionally, anti-inflam- 
matory agents in conjunction with 
complex vitreoretinal surgery." De- 
spite prompt diagnosis and treatment, 
ARN often results in severe, perma- 
nent visual loss associated with reti- 
nal ischemia, multiple retinal tears, 
proliferative retinopathy, and optic 
nerve atrophy in approximately 75% 
of patients.!^" 

Optic nerve involvement with ARN 
has been documented clinically by 
mild dise edema," radiographically by 
enlarged optic nerve  silhouettes 
imaged with high-resolution com- 
puted tomography,” ultrasonographi- 
cally by B-scan analysis,“ and 
neuropathologically by intraneural 
inflammation and necrosis. ^?7 One 
patient with bilateral ARN involve- 
ment (BARN) and enlarged optic 
nerves experienced dramatic visual 
improvement following optic nerve 
sheath decompression surgery.” 

In this report, we describe the clini- 
cal characteristics of an acute optic 
neuropathy associated with some 
cases of ARN as well as the visual 
results of 12 consecutive patients (17 
eyes) allocated to two treatment pro- 
tocols of either (1) intravenous (IV) 
antiviral therapy and/or vitreoretinal 
surgery or (2) IV antiviral therapy, 
optic nerve sheath decompression, 
and possibly vitreoretinal surgery. 


PATIENTS 


Twelve patients, 8.men.and.4.women, 


were diagnosed as having ARN or BARN 
between August 1984 and January 1987. 


Group l included 4 men and 2 women who. 


were treated with IV. acyclovir: sodium, 
1500 mg/m? per day, and/or vitreoretinal 


surgery. Three of 6 patients had BARN for 
a total of 9 eyes in group 1. 

Group 2 also included four men and two 
women with two patients demonstrating 
BARN for a total of eight eyes. All patients 
were treated with IV acyclovir sodium, 
1500 mg/m? per day, and modified optic 
nerve sheath decompression.?"* Three eyes 
underwent vitreoretinal surgery prior to 
optic nerve decompression, and one eye 
required vitreoretinal surgery after nerve 
decompression. 

The division of patients into groups 1 
and 2 was made by the vitreoretinal sur- 
geons (J.B.B. and D.H.F.) on the basis of 
each patient's clinical course. In six eyes, 
the decision to proceed with optie nerve 
decompression was made when a profound 
deterioration of visual acuity to 20/100 or 
less occurred during a 24- to 36-hour inter- 
val that could not be explained by retinal 
findings. In the other two eyes in group 2, 
optic nerve sheath decompression was 
undertaken as a desperation measure after 
visual acuity had remained at hand move- 
ments for 4 weeks. Oral (prednisone, 80 mg 
daily) or IV (methylprednisolone, 250 mg 
every 6 hours) eorticosteroids were admin- 
istered to three patients, one from group 1 
and two from group 2, because of severe 
intraocular inflammation. 


All patients in groups 1 and 2 were A. 


symptomatic with a history of visual loss, 
floaters, ocular pain, and redness. The 
interval between symptoms to diagnosis 
ranged from 2 days to 3 months. The 
diagnosis of ARN was based on the appear- 
ance of white necrotic lesions and scat- 
tered hemorrhages in the peripheral retina 
associated with markedly narrowed and 


whitened arterioles, panuveitis, and vitre- = 
ous debris. Establishing the diagnosis was. 
sometimes difficult, and two eyes required | 
pars plana vitrectomy to exclude ocular, 


non-Hodgkin's lymphoma. 

Three patients, one in group 1 and twoin 
group 2, had a preceding virallike syn- 
drome with a variety of systemic symp- 


toms, including myalgias, malaise, deaf- . 
ness, incoordination, and gait disturbance. s 
Three patients in group 2 underwent lum- 


bar punctures with complete cerebrospinal 
fluid (CSF) analyses. 
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ime From - Presenting aid. A IE 
Symptoms to — Preoperative Neurologic 
Diagnosis, d Visual Acuity Symptoms | 






‘SizebyCT —— ‘Lumbar Sugi 
Scan Puncture Sequence 

























|. HM OS: PPV, SB 
2, OD 20/30 None Not done Not done OD: 2 PPV, 20/25 
lensectomy, SB, 

eek membrane peeling . 
7, OD 20/80 Enlarged OD: PPV, eye wall, | LP 
biopsy, cryopexy; 
repeated PPV and 
SB, lensectomy, 
open-sky 
vitrectomy, 


silicone oil 
2, OS 20/100 None Enlarged Refused OS: None NLP 


3/51/M 14, OD 20/50 - OD: PPV, SB, HM 
lensectomy, 
endolaser, 
silicone oil 
" 2, OS 20/25 None . Normal Not done OS: None 20/20 
> £4/61/M 14, OD 20/100 Mild ataxia Normal Not done OD: PPV, endolaser, CF 
Cus silicone oil 
| .5/19/F 5, OD 20/60 . None Normal Not done OD: PPV, SB NLP 
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6/50/M OS: PPV, SB, CF 
endolaser, 
silicone oil Snags 
21, OS 20/50 None Normal Not done OS: Repair of giant CF 20 
tear 24 mo after S a 
first procedure 















































2 y later developed Enlarged WBC, 47 X 108/L: OD: 5 d after 
diffuse sensory glucose, 4.7 mmol/L; diagnosis OND, 
polyneuropathy protein, 0.41 g/L PPV, lensectomy, 

and SB ail during 
one procedure 








2, OS LP Enlarged OS: OND, 9 d after 20 
re ee diagnosis eer ee 
{781M 10 CF None Normal WBC, 20 X 108/L; OD: OND 3dafter 20/400 41 
i glucose, 3.3 mmol/L; diagnosis | ee 
T protein, 0.86 g/L 

9/76/F. 7 HM None Normal Not done OD: PPV at onset of HM 


retinitis OND 31 d 
after sudden 


ee visual loss : 
10/49/F 6 HM None Normal Not done OS: PPV, SB imo WN 


before OND; OND 
30 d after sudden 
visual loss 


11/56/M OD: OND 5 d after 
sudden visual loss OU oe 
7 20/100 None Normal Not done OD: PPV 60 d after 20/50,- 
OND for CF 
vitreoretinal 
traction 
postoperative 
macular pucker; 
refused further 
22 MEM surgery 
-012/64/M OS: PPV 4 d after HM 
diagnosis 
4, OD CF Myalgias, Enlarged WBC, 12 X 108/L: OD: OND 9 d after 20/25 
sensorineural glucose, 3.8 mmol/L; visual loss l 
hearing loss protein, 1.12 g/L 
7 OS HM Eniarged OS: OND 12 d after 20/100 
visual loss 








*CT indicates computed tomographic; HM, hand movements; WBC, white blood cell count; PPV, pars plana vitrectomy; SB, scleral buckling procedure; ON 
nerve sheath decompression; NLP, no light perception; LP, light perception; and CF, counting fingers. : 


OPTIC NEUROPATHY CRITERIA when visual acuity deteriorated suddenly 
without any corresponding retinal find- 

: The concept of an optic neuropathy asso- ings. 
“ciated -with ARN evolved when some Therefore, absolute and relative criteria 
ents’ visual acuities and visual fields — for ARN-associated optic neuropathy were 
0 elate with their retinal lesions. devised. Absolute criteria ineluded the fol- 
my between fundus appear- lowing: (1) afferent pupillary defect not 


sual function was most evident s consistent. with the retinal findings, such 
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sudden deterioration of visual acuity to 
20/100 or less without corresponding reti- 
nal changes within a 24- to 36-hour inter- 
yal. Relative criteria included (1) optic dise 
edema and (2) eniarged optie nerves and 
surrounding perineural space demon- 
strated by CT scanning and/or B-scan 
ultrasonography. 


OPERATIVE TECHNIQUE 


Optic nerve sheath decompression was 
performed by a modification” of the tech- 
nique of Galbraith and Sullivan.” At least 
three longitudinal incisions were placed in 
the retrobulbar optic nerve meninges with 
a long-handled corneoscleral blade (Shar- 
point Ine, Reading, Pa, or MVR Unitome 
5560, Beaver Surgical, Waltham, Mass) 
and/or with a specially curved sickle-type 
dural blade (Sickledge 7300, Beaver Surgi- 
eal). Presumed  araehnoidal adhesions 
between the optic nerve and dura were 
lysed by longitudinal movement of a Fish- 
er tenotomy hook within the subdural 
space.” 


RESULTS 


The patients’ clinical courses and 
follow-up data are outlined in the 
Table. The cases of patients 2 and 7 
have been reported previously.” Since 
that report, patient 2 had remained 
unchanged systematically and oph- 
thalmically. Patient 7 has experienced 
further visual improvement to 20/80 
OD and 20/40 OS. 

Two years after his BARN syn- 
drome, patient 7 had a diffuse, senso- 
ry polyneuropathy of the type some- 
times associated with development of 
an underlying malignant neoplasm. 
However, three extensive investiga- 
tions during the last 2 years have 
failed to detect an occult malignant 
neoplasm or any other underlying sys- 
temic or neurologic disease. 


PATIENT REPORT 


One patient (patient 12) is described in 
detail to illustrate the decision-making 
process in allocating the patients to groups 
1 and 2. 

A 64-year-old white man presented with 
a l-week history of a viral illness associ- 
ated with nasal congestion, a nonproduc- 
tive cough, bilateral hearing loss, a mouth 
ulcer, and myalgias. On the seventh day of 
- his illness, visual acuity decreased sudden- 
ly to 20/200 OD and counting fingers at 30 
em OS. Results of external and slit-lamp 
examinations were normal except for dif- 
fuse anterior and posterior vitreous cells. 
Both retinas demonstrated 360? of periph- 
eral necrosis, hemorrhages, and arteriolar 
whitening with some encroachment of the 
necrotic lesions in the posterior pole. The 
optic dises were hyperemic but not swollen. 
Systemic examination revealed only the 
small mouth ulcer, and neurologic assess- 
ment was remarkable only for moderate 
sensorineural hearing loss. Computed 
tomographic scanning demonstrated bilat- 


arcuate nerve fiber layer defects; and (3) | 
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Fig t.— Top, Preoperative and postoperative B-scan ultrasonography performed by machine 
(Biosound ll SA) on the optic nerves of patient 12. Preoperatively immediately behind the globe, 
the right optic nerve measured 4.4 mm and the nerve sheath measured 5.7 mm. At a distance of 1 
cm posterior to the globe, the nerve measured 4.0 mm and the nerve sheath measured 6.2 mm. 
Postoperatively, the right nerve immediately behind the globe measured 2.8 mm, and the nerve 
sheath measured 3.3 mm. At 1 cm posterior to the globe, the nerve measured 2.2 mm and the 
sheath measured 3.7 mm postoperatively. Bottom, Preoperatively immediately behind the globe, 
the left optic nerve measured 4.0 mm and the nerve sheath measured 5.3 mm. At 1 cm posterior 
to the globe, the nerve measured 4.0 mm and the nerve sheath was 4.8 mm. Postoperatively, the 
left optic nerve was 3.0 mm and the sheath was 4.1 mm. At 1 cm posterior to the globe, the nerve 
was 2.8 mm and the sheath was only slightly smaller at 4.4 mm. 


eral optie nerve silhouette enlargement 
with an expanded perineural CSF space. 
B-scan ultrasonography of the optic nerves 
disclosed that the optie nerves and the 
perineural CSF space were enlarged (Fig 
1). Lumbar puncture revealed an opening 
pressure of 120 mm H,O with a protein 
level of 0.42 g/L and a glucose level of 3. 
mmol/L. Twelve lymphocytes per milliliter 
were present in the CSF, and cytologic 
studies disclosed marked lymphoid atypia 
but no malignant neoplasia. Two subse- 
quent lumbar punctures showed similar 
findings, also without cytologie evidence of 
a malignant neoplasm. Peripheral blood 
leukocytosis was found with a white blood 
cell count of 20 x 10°/L with 0.87 polymor- 
phonuclear leukocytes, 0.11 lymphocytes, 
and 0.02 monocytes. Erythrocyte sedimen- 
tation rate by the Westergren method was 
78 mm/h. 

The day after hospital admission, severe 
watery diarrhea that lasted for 3 days 
developed. Stool cultures and analysis for 
ova and parasites were all normal. The 
episode of diarrhea was attributed to his 


viral syndrome. A biopsy specimen of the 
mouth ulcer revealed nonspecific lympho- 
eytie infiltration. 

‘On January 19, 1987, a diagnostic pars 
plana vitrectomy under local anesthesia 
was performed. Vitreous samples demon- 
strated no evidence of malignant cells, and ^ 
the aspiration specimens were considered 
to be more suggestive of an acute and 
chronic inflammatory response with poly- 
morphonuclear leukocytes, macrophages, 
and epithelioid cells. The vitrectomy fluid 
was negative for herpes simplex and cyto- 
megalovirus titers, and no viruses were 
able to be cultured from either the vitr 
tomy or CSF specimens. » 


On January 20, 1987, treatment with V HC, 


acyelovir sodium (300 mg every 8 hours) 
was begun. Within the next 24 hours, the 
patient's visual acuity deteriorated sud- 
denly to hand motions in each eye. 

On January 23, a modified right optie 
nerve sheath decompression and a menin- 


geal biopsy were performed. The nerve e 


decompression produced a marked amount 
of serosanguineous CSF drainage. Histo- 
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pathologie examination of the meninges 
revealed only nonspecific thickening of the 
dura. On January 26, a similar procedure 
without meningeal biopsy was performed 
on the left optic nerve. On January 29, 
repeated B-scan ultrasonography demon- 
strated a decrease in the size of both the 
optie nerves and surrounding perineural 
CSF space (Fig 1). 

A 10-day course of IV acyclovir therapy 
was completed. The patient was discharged 
from the hospital on January 30 with 
visual acuities of 20/200 OD and counting 
fingers OS, and the peripheral and posteri- 
or pole retinitis had begun to regress. His 
condition has continued to improve during 
the last 16 months with visual acuities of 
20/25 OD and 20/100 OS on May 9, 1988. 
Both optic nerves are slightly pale, the 
right retina is normal, and the left retina 
has an area of vitreoretinal traction in an 
area of previous necrosis inferonasally as 
well as advanced macular pucker. The mac- 
ular changes are the primary cause for the 
persistent loss of visual acuity in the left 
eye. A vitrectomy to relieve the macular 
pucker was considered but not carried out 
because of the poor postoperative result 
with similar surgery for patient 11 (see 
Table and “Results” section). 


GROUP 1 VS GROUP 2 ENTRY DATA 


Patients in group 1 were younger 
than those individuals in group 2. The 
average age for group 1 was 45 years 
(range, 19 to 61 years) compared with 
an average age of 66 years for group 2 
(range, 56 to 78 years). 

Initial visual acuities were consid- 
erably better in group 1 compared 
with group 2. Entry visual acuities in 
group 1 were as follows: 20/25 (two 
eyes); 20/50 (two eyes); 20/60 (one 
eye); 20/80 (one eye); 20/100 (two 
eyes); and hand movements (one eye). 
In contrast, the best initial visual 
acuities in group 2 were 20/100 (one 
eye) and the remaining seven eyes all 
had visual acuities of counting fingers 
or worse (Table). All patients in both 
groups 1 and 2 demonstrated at least 6 
clock hours of white necrotic periph- 
eral retinal lesions. 

Average duration of symptoms 
prior to diagnosis and treatment with 
IV acyclovir was an average of 8 days 
(range, 2 to 21 days) for group 1 and 6 
days (range, 2 to 10 days) for group 
2. 


Group 1 


Of the six patients (nine eyes) in 
group 1, only two have maintained 
visual acuity of better than counting 
fingers. The visual acuity of the first 
eye in patient 1 deteriorated to no 
light perception; however, the second 
eye has maintained 20/30 visual acu- 
ity after IV acyclovir therapy, two 


* pars plana vitrectomies, lensectomy, 


and macular preretinal membrane 
peeling. The second eye of patient 6 
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(eye 6) regained 20/20 visual acuity 
from an initial visual acuity of 20/25 
after only IV acyclovir therapy. 

The remaining seven eyes developed 
further decreases in central visual 
acuity despite IV acyclovir treatment, 
vitrectomy, and intraocular silicone 
oil. None of the patients in group 1 
had a sudden decrease in vision con- 
sistent with the criteria for acute 
ARN optic neuropathy. Only patient 2 
demonstrated an enlarged perineural 
space around both optic nerves with 
CT scanning, and patient 4 had clini- 
cal and B-scan ultrasonographic evi- 
dence of optic disc edema, enlarge- 
ment of the optic nerve itself and the 
surrounding perineural CSF space. 


Group 2 


Of the six patients (eight eyes) in 
group 2, two (patients 8 and 12) had 
neurologic symptoms preceding their 
oeular involvement and one (patient 
1) has had a diffuse sensory polyneu- 
ropathy develop 2 years after his 
BARN syndrome (Table). Although 
CT scanning demonstrated an en- 
larged perineural space in only three 
patients and B-scan ultrasonography 
demonstrated an enlarged nerve as 
well as an enlarged CSF space in the 
same three patients, all patients were 
found to have enlarged and distended 
optic nerve sheaths at surgery. Six of 
eight eyes demonstrated visual im- 
provement after optic nerve sheath 
decompression, one eye remained 
unchanged, and one eye worsened. 
Improvement began 2 to 3 days post- 
operatively and stabilized 6 to 7 
months after surgery (Fig 2). 

Patients achieving the best visual 
results underwent optic nerve surgery 
promptly after sudden, profound 
visual loss had occurred despite IV 
acyclovir therapy. Patients 7, 8, 11, 
and 12 all underwent decompression 
surgery within an average of 7 days 
(range, 3 to 12 days) of their precipi- 
tous visual loss. Visual improvement 
has been sustained in five of six eyes 
for an average of 39 months (range, 25 
to 52 months [Table]). Patient 11 sub- 
sequently developed decreased visual 
acuity of counting fingers secondary 
to a macular pucker syndrome follow- 
ing a vitrectomy and scleral buckling 
procedure for an  inferotemporal 
region of necrotic and detached retina 
2 months after optic nerve surgery. 
Patients 7, 8, and 12 have not required 
any additional medical or surgical 
therapy. 

In contrast, the visual acuity of 
patient 9 has remained hand motions, 
and the visual acuity of patient 10 has 
decreased to no light perception. 


Posttreatment Visual Acuity 
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Pretreatment Visual Acuity 


Fig 2.— Profile of pretreatment and posttreat- 
ment visual acuities for groups 1 (closed 
circles) and 2 (open circles). The 45? line 
represents no change between pretreatment 
and posttreatment visual function. Group 1 
patients were treated with intravenous (IV) 
acyclovir sodium and/or vitreoretinal surgery. 
Group 2 patients were treated with IV acyclo- 
vir as well as optic nerve sheath decompres- 
sions and some patients also underwent 
vitreoretinal surgery. CF indicates counting 
fingers; HM, hand movements; LP, light per- 
ception; and NLP, no light perception. 


Patient 9 was operated on 31 days 
after sudden visual loss, and patient 
10 underwent surgery 30 days after 
abrupt loss of vision. 


COMMENT 


The present data indicate that in 
some patients with the ARN syn- 
drome, sudden, profound visual loss 
consistent with an acute optic neurop- 
athy develops. In this series, the 
patients in group 2 with acute ARN 
optic neuropathy were somewhat old- 
er and had more severely reduced 
central visual acuity compared with 
patients in group 1. However, despite 
their age and their more severely 
affected entry level visual acuity, 
some patients in group 2 regained 
considerable visual acuity (Table and 
Fig 2). In contrast, only two eyes in 
group 1 maintained visual acuity at or 
near their entry level, and the other 
seven eyes have all lost visual acuity 
to counting fingers or worse. All 
patients in both groups 1 and 2 had 
similar peripheral retinal findings. 
Group 2 patients had their conditions 
diagnosed on the average 2 days more 
quickly than patients in group 1 (6 
days vs 8 days average interval from 
symptoms to diagnosis), possibly 
because patients in group 2 had more 
profoundly reduced visual acuity. 

Optic nerve sheath decompression 
had the greatest benefit when under- 
taken within 12 days of the onset of 
acute ARN optic neruopathy. The two 
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d were 

on iE enti y after sudden visual loss. 
Therefore, six (75%) of eight eyes in 
oup 2 achieved signifieant initial 
improvement compared with previous 
reports in which 75% of patients 
suffered permanent, severe visual 
oss." However, optic nerve surgery 
did not eliminate delayed vitreoreti- 
nal complications as patient 11 devel- 
oped  vitreoretinal traction and, 
-despite - pars plana vitrectomy, lost 
-visual acuity because of postoperative 
maeular pucker. 
- It is highly unlikely that the lumbar 
punctures performed on patients 7, 8, 

id 12 contributed to their visual 
improvement. Lumbar puncture bene- 
fits only the optic neuropathy associ- 
ated with chronic papilledema and 
2 increased i intracranial pressure.” The 
r opening pressure for all these patients 
was well within the normal range. 
Drainage of CSF from the lumbar, 
cisternal, or ventricular spaces has 
never been shown to improve inflam- 
matory optic neuropathies. 
. Computed tomographic scanning 
~ demonstrated an expanded perineural 
CSF space surrounding optic nerves 
. with ARN optic neuropathy. B-scan 
ultrasonography confirmed the ex- 
^panded subdural space and also 
revealed that the optie nerves them- 
selves were enlarged, implying that 
both intraneural inflammation and an 
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were present. B-scan ultrasonography 
appears to be more sensitive than CT 
scanning for detecting intrinsic optic 
nerve enlargement. 

In contrast, only two (22.2%) of 
nine eyes in group 1 achieved visual 
acuity of better than counting fingers. 
One of the two eyes (the second eye of 
patient 1) did well after treatment 
with IV acyclovir and two pars plana 
vitrectomies,  lensectomy, scleral 
buckle, and membrane peeling proce- 
dures. The second eye of patient 2 did 
well with only IV acyclovir therapy 
and may have had the newly proposed 
“mild type" of ARN syndrome.” 

Therefore, when employed prompt- 
ly in patients with acute optic neurop- 
athy, modified optie nerve sheath 
decompression was associated with 
better long-term visual results despite 
worse entry level visual acuities. 
According to previous reports, when 
sudden visual loss occurs in the ARN 
syndrome, central visual acuity sel- 
dom recovers following treatment 
with antiviral agents and/or vitreore- 
tinal surgery." 

Whether optic nerve decompression 
will benefit patients similar to those 
in group 1 who experienced slowly 
deteriorating visual acuity remains to 
be evaluated. Certainly, if an acute 
optic neuropathy may be part of the 
ARN syndrome, a chronic, more slow- 
ly progressive optic neuropathy could 
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required to answer th question. To 
our knowledge, why optic nerve sur- 
gery with drainage of the perineural 
CSF improves this disease is un- 
known, and presently no rationale has 
been established to explain the visual 
improvement in patients. 

The previous clinical, radiographie, 
ultrasonographie, and  neuropatho- 
logie data!?3972224 now combine with 
the present therapeutic information 
to indicate that ARN should not be 
considered an isolated retinal disease 
but rather should be regarded as a 
more complex disorder with frequent 
optie nerve and CSF abnormalities. 
Therefore, the viral pathogenetic 
stimulus for ARN could conceivably 
develop within the optic nerve or else- 
where within the central nervous sys- 
tem. It may be more accurate to clas- 
sify ARN as a "uveo-meningeal syn- 
drome" such as sarcoidosis rather 
than an isolated retinitis. For many 
patients, the acute optic neuropathy 
associated with ARN may be the pri- 
mary cause of severe visual loss and 
optie nerve sheath decompression 
combined with IV acyclovir therapy 
appears to restore vision for some of 
these patients. 


This investigation was supported in part by 


grants NS 11037 and NS 08075 from the National 1 e 


Institutes of Health, Bethesda, Md, and from the 
National Multiple Selerosis Society, New York, 
NY. 


20. Culbertson WW, Blumenkranz MS, Repose 
JS, et al. Varicella zoster virus is a cause of the 
acute retinal necrosis syndrome. Ophthalmology. 
1986;93:559-569. 

21. Matsuo T, Dati S, Tsuji T, et al. Immune 
complex containing herpes virus antigen in a 
patient with acute retinal necrosis. Am J Oph- 
thalmol. 1986;101:368-373. 

22. Freeman WR, Thomas EL, Rao NA, et al. 
Demonstration of herpes group virus in acute 
retinal necrosis syndrome. Am J Ophthalmol ; 
1986;102:701-709. ^ 

23. Sergott RC, Belmont JB, Savino PJ, et al. 
Optic nerve involvement in the acute retinal 
necrosis syndrome. Arch Ophthalmol. 1985; 
103:1160-1162. 

24. Byrne SF, Glaser JS. Orbital tissue differ- 
entiation with standardized echography. Oph- 
thalmology. 1983;90:1071-1090. 

25. Galbraith JEK, Sullivan JH. Decompres- 


sion of the perioptic meninges for relief of papil- P 


ledema. Am J Ophthalmol. 1973;76:687-692. 


26. Sergott RC, Savino PJ, Bosley TM. Modi- um : 
fied optic nerve sheath decompression provides ^. 


long-term visual improvement for pseudotumor - 
cerebri. Arch Ophthalmol. 1988;106:1384-1390. 

27. Sergott RC. Diagnosis and management of 
vision-threatening papilledema. Semin Neurol. 
1986;6:176-184. 

28. Matsuo T, Nakayama T, Koyama T, et al. A 
proposed mild type of acute retinal necrosis 
syndrome. Am J Ophthalmol, 1988;105:579-583. w. 


Acute Retinal Necrosis—Sergott et al — 








Ophthalmic Manifestations of Leukemia 


Andrew P. Sehachat, MD; Jan A. Markowitz, PhD; David R. Guyer, MD; 
: Philip J. Burke, MD; Judith E. Karp, MD; Michael L. Graham, MD 









9 We prospectively examined the eyes 
. of 120 patients with leukemia. Only 3896 
of patients had normal results of examina- 
^... tion. Leukemic infiltrates were present in 
. -. 896 of patients, other findings related to 
. leukemia were seen in 39% of patients, 
and 2096 of patients had unrelated abnor- 
: malities. Visual loss was seen in at least 
5% of the patients in this study. 
. (Arch Ophthalmol. 1989;107:697-700) 








nowledge of the ocular manifesta- 
*- tions of the leukemias is impor- 
nt not only because of the frequency 
with which changes are seen but 
because the eye often reflects the dis- 
.- ease state of the body. The ophthalmic 
symptoms may be the initial mode of 
presentation of the systemic illness; 
indeed, before the use of bone marrow 
biopsy, the ophthalmologist was often 
called on to assist with the diagnosis 
of the leukemias.’ 

In the 1860s, Liebreich first 

BS leukemic retinopathy.’ 
Since that time, virtually all ocular 
ictures have been found to become 
ved. Patients have been de- 
seribed with leukemic infiltrates of 
the optic nerve, choroid, retina, iris, 
ciliary body, and anterior chamber. 
Central serous  chorioretinopathy 
— . overlying areas of choroidal infiltra- 
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tion has been reported, as have reti- 
nal vascular sheathing, subconjunc- 
tival hemorrhage, anterior chamber 
hemorrhage,  intraretinal hemor- 
rhage, and intravitreal hemor- 
rhage. Manifestations of hypervis- 
cosity states, such as retinal micro- 
aneurysm formation, venous occlusive 
disease, and retinal neovasculariza- 
tion, may be seen.’ Opportunistic 
infections are common." During fol- 
low-up, complications of therapy, such 
as radiation- or steroid-related cata- 
ract, radiation retinopathy, and 
complications of chemotherapeutic 
agents, become apparent.: 

Although | Duke-Elder? believes 
that up to 90% of patients will have 
ocular abnormalities at some time 
during the course of their illness, oth- 
ers have reported substantially lower 
rates. For example, Ridgway et al 
found that 52 (8%) of 657 of children 
suffering from acute leukemia had 
ocular abnormalities. However, since 
only 150 of these patients actually 
underwent ocular examinations, un- 
derreporting of ocular abnormalities 
is almost certain. The true prevalence 
of ocular findings, such as leukemic 
infiltrates and intraocular hemor- 
rhages, in newly diagnosed leukemic 
patients is not known, nor is reliable 
information available concerning the 
incidence of ocular findings seen dur- 
ing the course of the patient's illness. 
To supply some of this information, 
we began performing prospective 
examinations on newly diagnosed leu- 
kemic patients. The baseline findings 
from the first 120 patients form the 
basis of this report. 


PATIENTS AND METHODS 


Patients with newly diagnosed leukemia 
(all cell types) were identified from the 


adult leukemia and pedi. 
vices of The Johns Hopkin 
tutions, Baltimore, Md. 
were contacted daily to i 
diagnosed eases. Consent w 
a complete ocular examini 
formed, including determina 
acuity, slit-lamp examination, it 
pressure determination, and dilate 
dus examination. No patient refuse 
examined. One patient died on the da 
admission and was not examined. Becau 
a follow-up study is planned, a 
from South America who did not p 
return to the United States for foll 
was excluded as well. 
The ocular examination was. condn 
as soon as possible after the initial diagno- 
sis and, when possible, before the initiation 
of treatment. Patients who could not | 
examined in the eye clinic were seen at. the 
bedside, in which case visual acuity with: 
near card was recorded and a bedside 
handlight examination of the anterior. 
ment was performed, followed by à dilated 
fundus examination. Arrangements. were 
made to examine the patient in the eyi 
clinie when it was appropriate. A fe 
patients with macular or retinal vascular 
disease underwent fluorescein angiogr 
phy, but this study was not perform 
routinely. The diagnosis of leukemia. was 
based on examination of the bone 1 mar- 
row. 











































RESULTS 


One hundred twenty patients w 
examined. Sixty-seven patients 
myeloid leukemias and 53 had ] 
phoid leukemias. Sixty-five pai 
had acute myelogenous leukemia, one 
patient had chronic myelogenous 
kemia, and one patient had eryth 
leukemia. Fifty-one had acute lym- 
phocytic leukemia and two had 
ic lymphocytic leukemia. Patient a 
ranged from 3 months to 80 
the median age was 30 year 
examination was almost alw 
formed within 3 days of diagnosis 
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Fig 1. —Leukemic infiltrate. The patient had acute myelogenous leuke- 
mia and an extremely high white blood cell count. A mass of white blood 
cells obscures the view of the vascular arcades. 


Visual Acuity 


All 120 patients underwent ocular 
examinations; however, four patients 
who were either comatose or on respi- 
rators and 17 young children who 
were not cooperative did not have 
accurate visual acuity determinations. 
Of the remaining 99 patients, visual 
loss related to hematologic disease 
was seen in five cases (vitreous 
hemorrhage in two, central retinal 
vein occlusion in two, and macular 
hemorrhage in one). 


Ophthalmic Findings 


The ophthalmic findings were 
divided into three categories. Primary 
ocular manifestations of leukemia 
included ophthalmic signs related to 
leukemic infiltration of ocular struc- 
tures. In the fundus, leukemic infil- 
trates were defined as preretinal 
white clumps or masses. Focal white 
lesions within retinal hemorrhages 
(“white-centered retinal hemor- 
rhages’’) were not counted as leukemic 
infiltrates. Four patients (3%) had 
leukemic infiltrates (Figs 1 and 2). 
Secondary ophthalmic findings in- 
cluded manifestations of complica- 
tions of leukemia, such as subconjunc- 
tival hemorrhages (Fig 3); fundus 
abnormalities, such as retinal hemor- 
rhages or cotton-wool spots related to 
anemia or thrombocytopenia (Fig 4); 
or ocular manifestations of hypervis- 
cosity states, such as central retinal 
vein obstruction (Fig 5). Secondary 
ophthalmic manifestations (Table 1) 
were seen in 47 patients (39% ). 

Miscellaneous findings, most likely 
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Fig 2.—A larger mass is apparent covering the inferior arcade. 
Numerous cultures for bacteria and fungi were negative. Leukemic 


meningitis was the cause of death. 


Fig 3.— Bilateral subconjunctival hemorrhages in a patient with acute myelogenous leukemia who 
had profound anemia and thrombocytopenia. Bilateral lower-eyelid ecchymoses imply that there 
may have been orbital hemorrhage as well. 


unrelated to the leukemia diagnosis, 
(Table 2) were present in 25 patients 
(21%). 


COMMENT 


There are many reports concerning 
the ophthalmic findings seen in 
patients with the various leukemias. 
A number of excellent review articles 
are avallable.'^? Virtually all previ- 
ous reports have been retrospective, 
and, in most series, examinations 
were performed at variable times dur- 
ing the course of a patient's illness 
rather than close to the time of diag- 
nosis. Autopsy series that quote 
involvement rates as high as 89%! 
likely overstate the prevalence of dis- 
ease that will be found in clinical 
series. Other clinical series that quote 
low prevalence rates? likely underesti- 
mate the extent of disease, as not all 
patients underwent complete ocular 
examinations. In our series, 62% of 


patients had abnormal findings, but 
only 39% were related to leukemia. 
Visual loss related to hematologic 
disease was seen in five (5%) of 99 
patients in whom accurate visual acu- 
ity could be recorded. Two patients 
lost vision because of vitreous hemor- 
rhage. Of the five patients with cen- 
tral retinal vein occlusion (all bilater- 
al), three had visual acuity of 20/25 or 
better, but two had significant visual 
loss related to macular edema. One 
patient had visual loss related to a 
hemorrhage in the macular area. Our 
5% estimate of the rate of visual loss 
is an underestimate. Visual acuity 
could not be measured in 21 patients. 
This group included comatose pa- 
tients, patients on respirators, and 
extremely young children. These 
patients tended to be sicker than the 





P 


remainder of the patients in the” 


series, and many had ocular abnor- 
malities, chiefly intraretinal hemor- 
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Fig 4.—This comatose patient would have had reduced visual acuity if 
the acuity could have been measured. There is probably a mild 
subretinal peripapillary hemorrhage, and there are small intraretinal 


ance. 


hemorrhages and a preretinal macular hemorrhage. 





| Table 1.—Secondary Ophthalmic Manifestations 
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Fig 5.—Right fundus of a patient with marked hyperviscosity and a.mild 
central retinal vein occlusion. The left fundus had a similar appear- 


Table 2.—Miscellaneous 
Ophthalmic Findings 


No. (96) 


Myeloid 
Patients 
(n = 67) 





Lymphoid of Patients _ 
Patients 


(n = 53) 


Manifestation 
Cataract 






Total 
= 120) 








Manifestation 








Subconjunctival hemorrhage 





Total 


(N 
Intraretinal hemorrhage 22 (33) 7 (13) 29 (24) 
Cotton-wool spots 16 (24) 3 (6) 19 (16) 
1 


White-centered retinal 
hemorrhages 9 (13) 4 (8) 3 (11) 


6 (9) 


Central retinal vein 
obstruction 5 (7) O (0) 5 (4) 


Vitreous hemorrhage 3 (4) O (0) 3 (2) 


Localized choroidal 
hemorrhage 1 (1) O (0) 1 (1) 


62 18 80° 






4 (8) 10 (8) 





* Of the patients, 39% had at least one secondary manifestation. 


rhage, that would have reduced visual 
acuity. The fundus appearance of a 
comatose patient who would have had 
decreased acuity is illustrated in 
Fig 4. 


A We used a conservative definition of 


primary ocular involvement with leu- 
kemia and found that 4 (3%) of 120 
patients had that finding. A 3% rate 
of intraocular leukemic infiltration 
may seem surprisingly high. Acute 
leukemia is a severe disease. We 
examined extremely sick patients at 
the time of their admission to the 
hospital. Because we are at a teaching 
hospital, our case mix is almost cer- 
tainly biased toward patients with 
even more severe disease. It is possi- 
ble that some patients described in 
other series did not live long enough 
to have been included in the case 
series. Our findings may not be gener- 


* alizable. 


The prevalence rate of intraocular 
leukemia may actually be higher than 
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3%. Choroidal infiltrates are fre- 
quently seen in autopsy series!” but 
are difficult to diagnose clinically. 
Had fluorescein angiography and A- 
and B-scan ultrasonography been per- 
formed, underlying choroidal disease 
may have been detected more often. 
A second reason that the prevalence 
of intraocular leukemia may be higher 
than 3% is related to the fact that 
some white-centered retinal hemor- 
rhages contain small leukemic infil- 
trates. This has been confirmed by 
histopathologic studies that have 
shown that aggregates of leukocytes 
can be seen in the center of white- 
centered hemorrhages.*** However, 
white-centered retinal hemorrhages 
can be composed of fibrin-platelet 
aggregates as well and need not be a 
definite sign of neoplasia. In our 
series, 13 patients had white-centered 
retinal hemorrhages; therefore, con- 
ceivably, as many as 17 patients (14% ) 
actually had primary intraocular leu- 


Amblyopia 

Age-related macular 
degeneration 

Strabismus 

Posterior vitreous 
detachment 

Optic disc drusen 

Nystagmus 

Intraocular lens 

Uveitis 

Radiation retinopathy 

Congenital hypertrophy of 
retinal pigment 
epithelium 

Myopic degeneration 

Lattice degeneration of 
retina 

Conjunctival chemosis 

Proliferative 
vitreoretinopathy 

Ptosis 

Ocular histoplasmosis 

Retinoschisis 

Nonspecific pigment 
epithelial changes 





kemia at the time of diagnosis. The 
actual number is obviously less than 
that, and it is impossible clinically to 
distinguish between white-centered 
retinal hemorrhages caused by fibrin- 
platelet aggregates as opposed to 
those caused by small leukemic infil- 
trates. 

Secondary ophthalmic manifesta- 
tions of leukemia are common and 
were seen in 39% of our patients 
(Table 1). Posterior segment abnor- 
malities, such as retinal hemorrhages 
(Fig 4) and cotton-wool spots, com- 
prised the majority of the findings, 
although subconjunctival hemorrhage 
(Fig 3) was seen as well. The second- 
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actors as well. The relationship 
between the presence of fundus 
nd hematologie profiles in 
ou patients has been previously 
ed. The patients with central 
al vein occlusion had extremely 
white blood cell or platelet 
co nts and presumably had the 
ous occlusion on the basis of sys- 
temic hyperviscosity. 

ntraretinal hemorrhage, cotton- 
spots, and  white-centered 
xd were all more common 
in patients with myeloid leukemias 
rable 1). Perhaps because our total 
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are = number of patients was y relatively tha 
. small, subgroup analyses with the use 
of the French-American-British elas- 


sification system of leukemia did not 
show any relation for primary or sec- 


ondary complications and leukemia 


subtype. 

In conclusion, prevalence rates 
ranging from 9% to 90% for ocular 
findings in leukemic patients have 
been reported.^ In our prospective 
series of 120 patients who were exam- 
ined by an ophthalmologist within a 
few days of diagnosis, 3% had leuke- 
mic infiltrates, 39% had other oph- 
thalmic findings related to leukemia, 
and 5 of the 99 patients who could 
have an accurate visual acuity deter- 
mination had visual loss related to 
their underlying disease. Our statis- 
tics are more likely to be representa- 
tive of the true prevalence of ocular 
findings seen at the time of diagnosis 
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Cone-Rod Dystrophy 






^^ ^: @ Three patterns of visual dysfunction 
"were identified in patients with autosomal 
>> — recessive or simplex cone-rod dystrophy 
- using rod and cone electroretinography 
-and light- and dark-adapted static thresh- 
old perimetry. In the first pattern, there 
.. Was a central rod and cone scotoma with 
"eccentric fixation, mild peripheral retinal 
lysfunction equally affecting rod and 
ne ystems, and slow progression. The 
nd. pattern, which was relatively 
re jevere, also showed a central rod 
ne scotoma and eccentric fixation; 
wever, there was more cone than rod 
function detected by electroretinogra- 
hy, and function was lost in the peripher- 
al visual field before it was lost in the 
. midperipheral field. A third pattern, which 
.. was rapidly progressive, showed central 
unsteady fixation and no measurable 
Gone function. Patches of rod function 
"were retained in the central and infero- 
<: temporal regions of the visual field. Most 
fthe patients studied fit within the three 
erns and the patterns were consistent 
ithin families. 
(Arch Ophthalmol 1989;107:701-708) 

















T hé diagnosis of cone-rod dystrophy 
— & (CRD) is usually given to patients 

. with a retinal degeneration that has 
most of the following features: 
decreased visual acuity, impaired col- 
or vision, electroretinographic (ERG) 
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 Phenotypic Diversity by Retinal Function Testing 


Katsuya Yagasaki, MD, Samuel G. Jacobson, MD 


abnormalities with cone signals 
apparently more affected than rod 
signals, and funduscopic evidence of a 
maculopathy and some peripheral ret- 
inopathy. Autosomal dominant, auto- 
somal recessive, and X-linked modes 
of inheritance for CRD have been 
previously described.’ 

The ERG and psychophysical tests 
have been used in many previous 
reports to evaluate visual function in 
CRD.? When psychophysical testing 
of rod-mediated and cone-mediated 
function has been applied, most often 
it has been with dark adaptometry 
performed at one retinal location. In 
this study, patients with autosomal 
recessive or simplex CRD were exam- 
ined not only with full-field ERGs and 
dark adaptometry, but also with a 
perimetric technique to map the 
regional variations in both rod-medi- 
ated and cone-mediated function 
across the visual field.'^" The goal 
was to determine whether there were 
any differences in the pattern of rod 
and cone dysfunction in these patients 
with CRD. Such an approach has been 
used successfully to subtype patients 
with retinitis pigmentosa.^!? 


SUBJECTS AND METHODS 


The 14 patients in this study were given 
the diagnosis of CRD based on the follow- 
ing criteria: bilateral decreased visual acu- 
ity (<20/100), a history of long-standing 
central visual disturbances and little or no 
night vision complaints, abnormal color 
vision (by the Farnsworth D-15 test), fun- 
duscopie evidence of a maculopathy and 
usually some peripheral retinopathy, and 
abnormalities of both cone and rod ERGs 
but not in the pattern of typical retinitis 
pigmentosa (ie, not greater rod than cone 
ERG amplitude reduction)? None of the 





































patients had nonocular abnormalit 
could be associated with retinal dege 
tion (eg, polydactyly, mental retard 
urogenital abnormalities, bilateral heat 
loss). Those patients designated as h 
autosomal recessive inheritance’ had pa 
ents with reportedly normal vision, 
fected siblings, and a history of pare 
consanguinity. The mothers of. the twi 
with simplex CRD were examined 
there was neither ERG nor fundus 
evidence for the carrier. state of 
linked retinal degeneration. Go 
kinetic perimetry was perform i 
4-e and I-4-e targets. Fundus photog: 
were taken of all patients; fluor: 
angiograms were obtained © 
patients. All subjects gave th 
consent after a full explanat 
procedures involved was given. 
Electroretinography was perfor: 
all 14 patients using instrument: 
techniques, and analysis methods 
described.'** Briefly, in the. dark 
patient scotopically matched bi 
light flashes were followed by 
blue light flashes at different int 
that elicited only rod ERG responsi 
and then white vd flickering: ati 





ing.^* The Naka Rushton. -egasi 
(V= Vmax . PP + K*) was applie 
the measured amplitudes from the 
intensity series. In the eq 
rod b-wave amplitude; Vmax 
tude at response saturation: 
intensity; K, intensity at hal 
n, the exponent responsible for 
the function. Both eyes of 
ERG recordings but only t 
the eye used for psychophysi 
shown. There were 37 contro 
25 Women; age range, 13. t 
Static thresholds were mé 
light- and dark-adapted states 
the visual field of one eye i 
with CRD using a modified. au 
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Fundus Findingst. | 





























Visual Retinal 
j | Refraction Macula Peripherys Fixation Locus 
20/200 +0.50 + 1.75 X 93 Bull's-eye type Depigmentation Temporal edge of 
OS 20/200 —0.25 + 2.00 x 90 lesion optic disc§ 
20/200 —2.50 + 1.75 X 15 Metallic Unremarkabie Temporal edge of 
20/200 -2,25 + 1.00 X 172 gray-green optic discs 
appearance 
6/200 —7.25 t 1.50X 87 Bull's-eye type Depigmentation Central] 
8/200 —6.75 + 2.00 X 91 lesion 
20/300 — 10.75 + 2.25 X 90 Bull's-eye type Bone spiculelike Central], 
20/300  -—10.00 + 1.75 X 74 lesion pigment 
20/300 ~4,00 + 1.00 X 145 Metallic Pigment mottling 20? nasal, 
20/200 —1.75 + 2.25 X 10 gray-green 8° inferior]! 
appearance | 
20/300 —2.25 + 1.25 X 95 Metallic Pigment mottling, 19? nasai, 
20/300 —2.25 + 2.00 X 85 gray-green pigment clumps 6? inferiorli 
appearance, 
E pigment clumps 
9/200 —3.25 + 3.00 X 27 Metallic Pigment mottling 22° nasal, 
9/200 —3.25 + 2.25 X 165 gray-green 2° inferior]! 
appearance, 
ECRANS nm" pigment clumps 
30 M AR OD 20/200 — 4.75 Circumscribed Pigment mottling Superonasal to 
OS 20/200 —3.25 depigmentation, central scotoma§ 
NENNT pigment clumps - 
36 M AR OD 20/200 —3.75 + 2.00 X 82 Circumscribed Pigment mottling 12° superior] 
OS 20/200 —3.00 + 1.25 X 100 depigmentation, 
en ee Te eee ee ee pigment clumps 
59 F AR OD 20/400 —0.75 + 0.75 X 175 Circumscribed Circumscribed 10° superior, 
OS 20/ 100 —0.25 + 2.25 X 25 depigmentation, depigmentation, 5° temporallj 
pigment clumps pigment 
Beers eed la ee eh te RSEN mottling 
32 M Spx OD 9/200 ~2.50 + 1.00 X 165 Depigmentation Pigment mottling Central§ 
"e" "e OS = 20/200 —4.00 + 2.75 X 5 
53 M AR OD 9/200 —9.00 + 1.25 X 120 Circumscribed Pigment mottling, Not measured 
OS 9/200 —8.25 depigmentation bone spiculelike 
Penne DEREN RO RE pigment 
58 M AR OD 20/200 +1.00 + 1.25 X 45 Bull's-eye type Depigmentation 14° superiori] 
OS 20/400 —0.50 + 1.50 X 135 lesion, pigment 
MET seat Rags et ROREM clumps "me 
| $9 M AR OD 4/400 plano + 1.00 X 90 Circumscribed Bone spiculelike Not measured 
OS 10/400 plano + 1.00 X 90 depigmentation, pigment, 
pigment clumps pigment clumps, 
depigmentation 























| milar in both eyes. 


E Visuscope estimate relative to fovea. 


erimeter. Instrumentation, technique, 
analysis methods, and normal values have 
a elsewhere. 12161% Im brief, 


dein Acaton and 
d etm rd used 


ema and els dita opened 
ring the most steady fixation were 
ceepted.- The fixation locus in the eye 
tested: with static. perimetry was deter- 
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indicates simplex; AR, autosomal recessive. 


jings for midperiphery, far periphery, or both. 
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: liFundus photoperimeter measurement relative to fovea. 


mined either with a visuscope or using a 
modified fundus photoperimeter (Canon 
Fundus Photoperimeter, CPP-1?) in the 
latter technique, the result was recorded 
on a fundus photograph and later mea- 
sured. Highly myopic patients wore a cor- 
rective contact lens during testing. 

Two-color dark adaptometry was per- 
formed in one eye of six patients using the 
modified automated perimeter." Test loci 
with substantial rod function were chosen 
from the results of dark-adapted perime- 
try. While still dark adapted after the 
perimetry (more than two hours), sensitiv- 
ity for the 650 and 500 nm targets was 
tested at the chosen loeus to establish a 
prebleach baseline. Following a full-field 
bleach delivered with a Goldmann-Week- 
ers adaptometer, sensitivity was measured 
for both eolored targets alternately until 
baseline levels wére attained. 


RESULTS 


Table 1 shows clinieal data for the 
14 patients with CRD (nine men and 
five women; age range, 15 to 59 years). 
There were three patients with sim- 
plex CRD and 11 patients with autoso- 
mal recessive inheritance from six 
different families. In three of the fam- 
ilies (families 3 through 5), more than 
one member was examined. All 
patients had complaints referable to 
their decreased visual acuity and color 
vision; the majority stated a prefer- 
ence for dimly rather than brightly lit 
environments, but only three patients | 


complained of moderate photosensi- " 


tivity (patients 3, 4, and 10). Most 
patients had some myopia and astig- 
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Fig 1.—Electroretinographic findings in patients with cone-rod dystrophy (CRD) and controls. Relationship of rod b-wave 
amplitude to dark-adapted cone b-wave amplitude (top left) and cone flicker amplitude (top right). Amplitudes are 
normalized to mean normal values and expressed in log units. Lines describe equal reduction of rod and cone amplitudes; 
data below line indicate greater cone than rod amplitude reduction. Comparison of distribution of normal values with those 
of patients with CRD for rod log K (bottom left), rod b-wave implicit time (bottom center), and cone flicker timing (bottom 
right). Data for families 3 through 5 (F3 [triangles], F4 [circles], F5 [squares]) are shown separately from the other 
patients with CRD (O [asterisk]). N indicates normal subjects. 


matism and three had high degrees of 
myopia. Every patient but one showed 
some fundus abnormalities in both 
the central and peripheral retina and 
a variety of different fundus changes 
were present. Similarities in fundus 
appearance, however, were evident in 
members of the same family. Fixation 
patterns differed among the patients 
but were also relatively consistent 
within families. Nystagmus was 
present in three patients (patients 3, 
4, and 14). 

All patients had recordable rod 
ERGs; the b-wave amplitudes of the 
suprathreshold rod responses (“scoto- 
pically matched blue") were reduced 
more than 2 SDs below the normal 
mean (mean, 299 uV; SD, 52 nV). Rod 
Vmax was reduced between 1 and 2 
SDs below the normal mean (mean, 
400 uV; SD, 63 nV) in two patients and 
reduced greater than 2 SDs in all 
others. Three patients (patients 3, 4, 
and 14) had nondetectable cone flicker 
ERGs (for these stimulus conditions, 
an ERG much below 4 uV was consid- 
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ered nondetectable); the measurable 
cone waveforms were all reduced 
greater than 2 SDs below the normal 
mean (mean, 98 uV; SD, 24 uV). 

In Fig 1, top, the relationship of rod 
to cone ERG amplitude is plotted for 
those patients with CRD with both 
signals measurable and for a group of 
controls. The b-wave amplitude of the 
suprathreshold rod response is com- 
pared with the amplitude of two com- 
monly recorded cone-mediated wave- 
forms: the dark-adapted cone b-wave, 
the digitally subtracted result of the 
two waveforms from the scotopically 
matched stimuli (Fig 1, top left)”; and 
the cone flicker ERG (Fig 1, top 
right). Both cone measures were used 
because in some patients the dark- 
adapted cone waveform could not be 
determined reliably due mainly to 
blink artifact. The amplitude data are 
normalized to the mean amplitude for 
controls and expressed in log units.” 
The line drawn on each graph indi- 
cates the theoretical relationship for 
rod and cone amplitudes when the 
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reduction is equal. The data of some 
patients fall close to the line while 
those of others show greater cone 
than rod amplitude reduction. Mem- 
bers of the same family generally 
share the same amplitude relation- 
ship: in Fig 1, top, data from the three 
members of family 5 (solid squares) 
are all closer to the line than those 
from the three members of family 4 
(circles). 

Figure 1, bottom left, shows the 
data for rod log K or “sensitivity” in 
the patients with CRD compared with 
controls. Two members of family 5 fall 
within 2 SDs of the normal mean 
(mean, 2.36; SD, 0.16) and one just 
outside (the other eye of this patient 
was just within 2 SDs of normal). In 
contrast, all members of family 4 have 


definitely abnormal log K. Among the | 
other patients (O in Fig 1, bottom), | 


four of five had normal log K. The 
exponent n was normal (mean, 0.87; 
SD, 0.12) in all patients with CRD. 


Rod implicit time (Fig 1, bottom ' 


center) varied between individuals 
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Fig 2.—Two-color dark adaptometry for nor- 
mal subject (N) (top) and three patients with 
cone-rod dystrophy. Visual field test locations 
relative to fovea were as follows: N, 20° 
nasal, right eye; patient 9 (P9), 12° inferior, 
right eye; patient 7 (P7), 34? temporal, left 
eye; and patient 11 (P11), 24° nasal, left eye. 
Open squares indicate 650 nm; solid squares, 
500 nm; and F, family. 


and between families; within families, 
it appeared that the patients with 
more advanced disease showed the 
delays in timing. In family 5, the 
older, more severely affected member 
(patient 10) was the only one to have a 
delayed response. In family 4, only the 
youngest and least affected member 
(patient 5) had normal rod timing. 
Both members of family 3 had delayed 
timing. Among the other patients, the 
two youngest (patients 1 and 2) had 
normal timing, while the four others 
showed delays greater than 2 SDs 
from the normal mean (mean, 76.8 ms; 
SD, 4.8 ms). Cone-flicker timing (Fig 
1, bottom right) was markedly 
delayed in all patients but patient 8, 
the youngest member of family 5, and 
this result was between 1 and 2 SDs 
from the normal mean (mean, 26.9 ms; 
SD, 1.0 ms) in one eye and just outside 
2 SDs in the other eye. 

Two-color dark adaptometry results 
from a 24-year-old control and three 
patients with CRD are shown in Fig 2. 
In the control, there is a rapid 
increase in sensitivity to both colors; 
the sensitivity difference between col- 
ors for the first several minutes post- 
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bleach is about 8 dB, indicating cone- 
mediated detection." Sensitivity to 
500 nm increases thereafter as further 
rod adaptation occurs; the final dark- 
adapted sensitivity difference be- 
tween colors is about 32 dB, indicating 
rod-mediated detection.'^" In patients 
9 and 7, final dark-adapted sensitivity 
at these test loci is reduced by about 
20 dB. Although the data of patient 7 
are noisier than those of patient 9, 
these representatives of families 5 
and 4 have almost identical results. 
Their functions both show a cone 
branch, abnormal by about 15 dB, and 
a rod branch that appeared at a nor- 
mal time postbleach. In contrast, the 
function for patient 11 is an example 
of one with no measurable cone sensi- 
tivity. Neither stimulus was detected 
for about eight minutes postbleach; 
thereafter, a rod branch became mea- 
surable and final dark-adapted sensi- 
tivity was abnormally decreased by 
about 12 dB. Of the three other 
patients tested, two (patients 1 and 
13) had both cone and rod branches to 
their functions, and one (patient 4) 
had only measurable rod function. All 
reached prebleach dark-adapted sen- 
sitivity levels between 30 and 40 
minutes postbleach. 

Figure 3 shows normal rod (left) 
and cone (right) sensitivity maps and 
maps for the right eye of patient 9 and 
the left eye of patient 10, both of 
family 5. The normal mean rod map 
(n= 16) is mainly flat, tapering slowly 
at greater eccentricities, while the 
mean cone map (n = 13) has a rela- 
tively steep sensitivity gradient from 
the center to the periphery. In all 
patients with CRD, results of two- 
color dark-adapted perimetry indi- 
cated that every locus with measur- 
able sensitivity to both colors was 
either mediated exclusively by rods or 
by rods and cones (ie, rods detected 
the 500 nm, and cones the 650-nm 
stimulus); there were no cone-medi- 
ated loci.^? Patient 9 showed a cen- 
tral scotoma to both rods and cones; 
the scotoma was shifted superiorly in 
the map due to his superior retinal 
eccentric fixation locus. Neither rod 
nor cone sensitivity peripheral to the 
scotoma was normal, but both were 
measurable. The results in patient 10, 
who is 23 years older than patient 9, 
were generally similar to those in 
patient 9, although the central scoto- 
ma was larger and peripheral sensi- 
tivity was slightly lower. 

Figure 4 shows rod and cone maps 
for the left eyes of three members of 
family 4; all three have similar eccen- 
tric fixation loci. Patient 5, who is 
about ten years younger than her two 


siblings, had considerable paracen- 
tral-midperipheral rod and cone sen- 
sitivity, but in the periphery, there 
was marked cone sensitivity loss, with 
relatively less pronounced rod loss. 
Patients 6 and 7 are of similar ages 
and are more severely affected than 
patient 5; both showed islands of 
residual but impaired cone sensitivity, 
mainly in the midperiphery (and infe- 
rotemporal periphery in patient 6). 
Rod sensitivity was also better in the 
midperiphery than in the periphery. 
Because of the eccentric fixation, 
nasal field sensitivity was not mea- 
sured. 

In Fig 5, the maps for two members 
of family 3 reveal no measurable cone 
sensitivity throughout the field, but 
measurable rod sensitivity in a large 
central island separated from small 
islands in the inferotemporal periph- 
eral field by a midperipheral scotoma. 
Both siblings have central fixation 
and some nystagmus, but of low 
amplitude. 

Among the other five patients 
tested with these perimetric tech- 
niques, two young patients (patients 1 
and 2) showed rod and cone central 
scotomas and minimally impaired rod 
and cone sensitivity in the midperi- 
phery with more impairment in the 
periphery. Two older patients (pa- 
tients 12 and 13) showed a similar 
regional pattern but greater degrees 
of rod and cone sensitivity loss, with 
cone losses more pronounced than rod 
losses. 

The perimetric pattern in patient 11 
was unlike the others: fixation was 
central in a small patch of impaired 
rod and cone function. There was a 
paracentral rod and cone scotoma; 
cone sensitivity remained unmeasura- 
ble in the midperiphery, but rod func- 
tion was far less affected. In the far 
periphery, there was considerable 
cone sensitivity but some decreases in 
rod function. Although not tested 
with static perimetry, patient 14, the 
oldest patient, was shown by kinetic 
perimetry to have measurable func- 
tion only in islands of the far periph- 
eral field. 

Figure 6 shows serial Goldmann 
kinetic fields for the right eyes of 
three patients representing families 3 
through 5. Each patient was tested on 
three visits, spanning a three- to four- 
year period. Patient 9 (left column) on 
visit 1 has nearly a full field with both 
target sizes and a central scotoma; the 
fixation locus is in the superior retina. 
There are no major changes in the 
dimensions of the field to either tar-~ 
get over the three visits, recognizing 
the variability of the technique.” 
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Fig 3.— Gray scales of rod (left) and cone (right) perimetry in normal subjects (N) and two members of family 5 (F5). Top, 
Right eye maps of normal mean values. Center, Right eye maps of patient 9 (P9). Bottom, Left eye maps of patient 10 
(P10). White circles mark location of fovea. 


Patient 7 (middle column) on visit 1 
has a large central scotoma; the fixa- 
tion locus is in the nasal retina inferi- 
or to the optic disc. The peripheral 
field is almost full with the V-4-e 
target, but with the I-4-e target there 
is a generalized depression. On subse- 
quent visits, there are similar extents 
of peripheral field with the V-4-e tar- 
get, although the size of the central 
scotoma appears to be increasing. The 
field with the I-4-e target appears to 
be decreasing. Patient 3 (right col- 
umn) on visit 1 shows mainly superior 
field loss and the beginning of a mid- 
peripheral scotoma temporally; there 
was no detection of the I-4-e target 
throughout the field. In contrast to 
the results in the other two patients, 
there were marked changes in the 
in subsequent visits. 
Between each visit, about 60% to 70% 
reduction in area occurred; first there 
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was loss in the midperipheral field 
isolating the central island from the 
inferotemporal periphery, and then 
these peripheral islands were lost. 
The mobility of patient 3 decreased 
and visual complaints increased pro- 
portional to the changes in her kinetic 
fields; visual acuity also decreased 
from about 20/60 to 8/200 over this 
time. A similar percentage loss 
occurred in patient 4, the sibling of 
patient 3, over this period. 


COMMENT 


Although there were considerable 
differences in retinal function test 
results in the patients with CRD in 
this study, three patterns of dysfunc- 
tion were discernible in the data. The 
patterns are mainly based on the find- 
ings in the three families in which 
more than one member was available 
for testing. Most of the patients with- 
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out other family members are able to 
be fit into the three patterns. The 
three families also showed differences 
in fundus appearance, but these fun- 
duscopic abnormalities were not pre- 
dictive of the functional pattern in 
other patients. A description of each 
of the three patterns of dysfunction is 
provided below and Table 2 summa- 
rizes the findings. 

In the first pattern, as exemplified 
by family 5, there is a central scotoma 
to both rod and cone function with 
eccentric viewing adjacent to the 
dense defect, and relatively mild 
peripheral retinal dysfunction affect- 
ing rod and cone systems to similar 
degrees. The progressive nature of the 
condition is not evident in the serial 
kinetic perimetry of patient 9 during a ` 
three-year span, but can be appreci- 
ated in the differences between fun- 
duscopic appearance, ERG ampli- 
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Fig 4.—Gray scales of rod (left) and cone 
(right) perimetry for left eyes of patients 5 
through 7 (P5-7), all members of family 4 (F4). 


Fig 5.—Gray scales of rod (left) and cone 
(right) perimetry for patient 3 (P3) (right eye) 
and patient 4 (P4) (left eye), both members of 
family 3 (F3). 


tudes, and static perimetric results in 
the younger and older affected family 
members. 

The second pattern, exemplified by 
family 4, represents a more severe 
retinal degeneration. As in family 5, 
there is a central rod and cone scoto- 
ma, but in family 4 it extends over a 
larger area and fixation is corre- 
spondingly further eccentric. Dark 
adaptometry at a single test locus was 
nearly identical to that in family 5, 
but static perimetry revealed more 
cone than rod dysfunction in the 
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peripheral retina (confirmed by the 
ERG results). The perimetric results 
of the three siblings in family 4 sug- 
gest the rod and cone sensitivity are 
lost in the center and the far periph- 
ery before they are lost in the midper- 
iphery. In a morphological study, a 
pattern of central and peripheral 
photoreceptor loss but preserved rods 
and cones in the equatorial area was 
found in a donor eye from a 29-year- 
old man with multiplex CRD.” A 
recent description of rod perimetric 
results in CRD suggests similar find- 
ings.” 

In family 3, representing the third 
pattern, there was a high degree of 
myopia (>6 diopters), some nystag- 
mus, and complaints of photosensitiv- 
ity. The cone ERG was nondetectable 
and no cone sensitivity was measur- 
able with perimetry across the entire 
visual field. Unlike families 4 and 5, 
there is no dense central rod and cone 
scotoma but severe loss of central 





cone function. Fixation is central but 
unsteady, and presumably maintained 
either by a small amount of residual 
cone function not detectable by our 
tests or by central rods. Superior and 
midperipheral scotomas are evident 
in the rod perimetric map and in the 
Goldmann kinetic fields, making the 
regional variation of this retinopathy 
more akin to that in retinitis pigmen- 
tosa than those in the other two fami- 
lies with CRD described above. This 
regional pattern is apparent in the 
kinetic fields of some previously 
described patients with CRD‘ and, 
recently, in the cone threshold data 
from a family with autosomal domi- 
nantly inherited cone dystrophy”; the 
pattern has also been said to occur in 
simplex cases.” The marked loss of 
retinal function in the two siblings in 
their second and third decade of life 
and the dramatic changes in kinetic 
perimetry over a four-year period 
indicate a more rapidly progressive 
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Fig 6.— Serial kinetic perimetry in one member each of families 3 through 5 (F3, F4, and F5). Times between visits 1 and 


2 and 2 and 3 for patient 9 (P9) were 22 and 13 months, respectively; patient 7 (P7), 30 and 20 months; and patient 3 


(P3), 25 and 27 months. Scotomas to V-4-e target are in black; hatching indicates additional scotomatous area with I-4-e 


target. 
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ET ^E S 3 ; SHORE 
2.—Thr oe Patterns of Vis 
equally affected 


some midperipheral field function. 


retinal degeneration than in families 
4 and 5. 

Four of the other six patients in the 
study can be grouped with either the 
first or second pattern of retinal dys- 
function: the two youngest patients 
(patients 1 and 2) have ERG and peri- 
metric features that are similar to 
those of family 5 and features of two 
of the oldest patients (patients 12 and 
13) are similar to those in family 4. 
This leads to the speculation that in 
some patients the first pattern may 
not represent a distinct entity but 
simply an earlier stage of the second 
pattern. Such a condition could begin 
with a central scotoma for rod and 
cone function and minimal extrama- 
cular rod and cone sensitivity losses; 
at this time, there would be equally 
diminished rod and cone ERG ampli- 
tudes. With disease progression, there 
is an increase in area of the central 
scotoma and greater cone than rod 
sensitivity losses in the periphery, the 
latter leading to an ERG pattern of 
greater cone than rod amplitude re- 
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Central scotoma for cone and rod function, eccentric fixation; bases ral à cone and rod function 


Central scotoma for cone and rod function, eccentric fixation; peripheral cone function more 
affected than rod function; with progression, loss of far peripheral field function but retention of 


Central rod function but no cone function, unsteady central fixation; peripheral cone function 
absent but some rod function present; with progression, loss of midperipheral field function but 
retention of some central and far peripheral islands of function 












duction. With increasing severity, rod 
and cone timing become delayed and 
rod log K becomes abnormal. The third 
pattern of retinal dysfunction, how- 
ever, is unique and cannot represent a 
more severe version of the other pat- 
terns. The unusual distribution of rod 
and cone function across the visual 
field of patient 11 and the lack of static 
perimetric data for patient 14 do not 
permit their being included with any 
of the other patterns. 

With one exception,’ previous ERG 
studies found that patients with CRD 
had normal rod b-wave implicit 
times?^"? In the only other study to 
examine Naka-Rushton parameters in 
CRD, rod log K was normal in most 
patients.’ Our findings of both normal 
and abnormal results for rod timing 
and log K within and between families 
suggest that abnormalities in these 
ERG parameters are not inconsistent 
with the diagnosis. The only other 
attempt to quantify the relationship 
of rod to cone ERG amplitudes used a 
ratio of suprathreshold rod to dark- 
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adapted cone amplitudes; ratios 
ranged from about 1 to 5, with approx- 
imately 1 being normal? These ERG 
findings, taken together with our 
ERG and perimetric results, empha- 
size that within the spectrum of reti- 
nal degenerations given the diagnosis 
of CRD, there are patients with rela- 
tively equal rod-mediated and cone- 
mediated dysfunction on full-field 
testing. Longitudinal studies are 
needed to determine if this can change 
with progression of the disease. 

Whether the different patterns of 
retinal dysfunction in patients with 
the diagnosis of CRD represent differ- 
ent disease processes cannot be 
proved in this study. Until we can 
learn more about these retinal degen- 
erations and their mechanisms using 
other methods, it seems appropriate 
to continue to characterize the pheno- 
types as best as possible with nonin- 
vasive test methods so that they may 
be more amenable to molecular genet- 
ics and biochemical investigations in 
the future. 
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Joubert syndrome is an autosomal 
essive condition in which there is a 
atiable combination of central nervous 
system defects with a distinctive congen- 
‘ital retinal dystrophy, ocular motor abnor- 
malities, and respiratory abnormalities in 
.early infancy. The retinal dystrophy has 
‘been previously classified as a variant of 
Leber’ s congenital amaurosis. We report 
.electrophysiologic and eye movement 
findings in a series of seven consecutive 
ren with Joubert syndrome. Unlike 
ts with Leber’s congenital amauro- 
but one of these children had 
d flash and pattern-reversal 
voked potentials. Six of the seven 
ren had abnormalities of smooth pur- 
t  Optokinetic nystagmus, and sac- 
ades. Six of the children had nystagmus: 
pos | three had a pendular torsional nystagmus 
— and three had a form of see-saw nystag- 
mus. An alternating hyperdeviation was 
<. present in five of the patients, two of 
whom also had a tonic deviation of their 
= __ eyes laterally. All seven patients had cer- 
^ ;ebellar vermis hypoplasia on a magnetic 
esonance imaging scan. Developmental- 
elayed children with an absent or 
ighly attenuated — electroretinogram 
ld. be investigated for Joubert syn- 
me. 
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3 Tn 1969, Joubert et al! described five 
- children with an autosomal reces- 
ve condition characterized by jerky 
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eye movements, episodic tachypnea 
and apnea, profound developmental 
delay, and cerebellar vermis hypopla- 
sia. In the same year, Dekaban! 
reported the cases of two siblings with 
the same clinical findings and a con- 
genital retinal dystrophy. Boltshauser 
and Isler’ subsequently proposed that 
the condition be referred to as Joubert 
syndrome. 

A variety of ocular abnormalities 
have been reported to occur in chil- 
dren with Joubert syndrome, includ- 
ing a congenital retinal dystrophy,*** 
supranuclear ocular motor palsies,‘ 
nystagmus,' and strabismus.* The ret- 
inal dystrophy associated with Jou- 
bert syndrome has been classified as a 
variant of Leber's congenital amauro- 
sis in the past," but unlike Leber's 
eongenital amaurosis it is usually 
associated with good visual acuity and 
relatively preserved visual evoked 
potentials (VEPs)* Children with 
Joubert syndrome were originally 
reported to have jerky eye move- 
ments. Moore and Taylor? subse- 
quently reported the cases of three 
patients with Joubert syndrome who 
also had a supranuclear oculomotor 
disturbance resembling congenital 
ocular motor apraxia. We report the 
ocular findings in a series of seven 
consecutive children with Joubert 
syndrome. 


PATIENTS AND METHODS 


Seven consecutive children with Joubert 
syndrome examined at The Hospital for 
Sick Children, London, between April and 
June 1988 were included in our study. Each 
had a comprehensive neuro-ophthalmolog- 
ic examination. In three of the younger 
children, eye movements were assessed by 
clinical observation only. The four. older 
children had eye movements recorded by 
direct-current electro-oculography with an 
electrode placed near each outer canthus. 










































Optokinetie nystagmus was elicited 
motorized drum with vertical 7. 
and white stripes that encir 
patient giving full-field stimulation 
vestibulo-oeular reflex. (VOR) w 
corded with the patient seated 
mechanical Barany chair using 
60°/s steps in rotational veloc 
nusoidal oscillations at 0.02 to 
peak velocity. Saccades and 
movements were elicited by | 
patient slowly follow an objeet or 
ly changing fixation between two 
reference. Because of the extreme eccen 
deviation of the eyes in three ch 
our study, it was difficult to eva à 
responses to optokinetic and ve 
stimuli. x 
Electroretinograms (ERGs) were: 
corded in a completely darkened TO 
Flash stimulation was provided by a phot 
stimulator (Grass PS22) (3/s,. bu P 
peak intensity 4.75 x 10° lumens). T 
lamp was placed 25 em from the patient 
eye. Responses (128 per run) were averaged 
using an electrodiagnostic unit (Sen 
ER94, Medelec, United Kingdom). B 
flash and pattern-reversal VEPs were 
recorded from each patient. A range of 
checkerboard stimuli subtending 7° to 25 
minutes of are were independently pre- 
sented on a large television screen 
(28? x 20°). Retinal responses were r 
corded using silver-silver chloride electro- 
encephalographic electrodes placed on the 
lower eyelids or gold foil electrodes in the 
inferior ocular fornices. The VEPs were 
recorded from electrodes at the inion and 
3.5 em above it (O, International 10-20 
System). An electrode at F, (International 
10-20 System) served as the common refer- - 
ence. P. 
Each patient also underwent a magnetic z 
resonance imaging (MRI) scan using an 
MRI scanner (Magnitone, Siemens, West 
Germany) with a 1.5-tesla magnetic fiel 
Axial and sagittal images were obtain é 
using T, also had T, 5n AM us | 
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REPORT OF CASES 


CASE 2.— Patient 2 was delivered full 
term after an uncomplicated pregnancy 
and was the first child of unrelated par- 
ents. As a neonate she had two cyanotic 
attacks with bradycardia while feeding. 
She subsequently developed bursts of 
tachypnea that her parents said resembled 
the "panting of a dog." She was visually 
unresponsive and was diagnosed as having 
delayed visual maturation at 6 weeks of 
age. She subsequently developed nystag- 
mus at 3 months of age. 

At 15 months of age, she was able to sit 
unsupported but was unable to crawl or 
walk. Her episodes of tachypnea were 
occurring less frequently. She fixed and 
followed toys at 3 m but her pupillary 
responses to light were sluggish. She was 
hyperopic in both eyes (+7.00 +0.50 Xx 90 
diopters [D]) and had an alternating exo- 
tropia of 20 prism diopters. 

She had see-saw nystagmus (eg, a 
coarse, moderate frequency sawtooth nys- 
tagmus in which one eye elevates and 
intorts and the other depresses during the 
fast phase, while the eye returns to a more 
normal position during the slow phase). 
She also had a hyperdeviation on abduc- 
tion. Smooth pursuit eye movements could 
be elicited intermittently. When rotated, 
she had a tonic deviation of the eyes with 
an occasional low-amplitude, fast phase. 
The VOR was normal with the doll's-head 
maneuver. Saccades were infrequent and 
hypometric in all directions. Upward sac- 
cades were completely absent. She pre- 
ferred to change fixation by moving her 
head. 

Her fundi were normal. Her flash ERG 
was highly attenuated with a symmetric 
reduction in both the a and b waves. Both 
flash and pattern-reversal VEPs were of 
normal latency and recordable to check 
sizes down to 25 minutes. Her cerebellar 
vermis was hypoplastic on an MRI scan 
(Fig 1). 

Case 3.—Patient 3 was delivered full 
term after a normal pregnancy. She was 
the second child of unrelated parents. At 2 
days of age she underwent surgical repair 





of duodenal atresia. Postoperatively she 
had an apneic spell, but her breathing was 
subsequently normal. At 3 months of age 
she was noted to have nystagmus and poor 
vision. A flash ERG was nonrecordable 
and she was diagnosed as having Leber’s 
congenital amaurosis. 

At 2% years of age she was hypotonic 
and unable to sit unsupported or to speak. 
She fixed and followed toys at 1.5 m. She 
was hyperopic in both eyes (+5.00 D) and 





had normal pupillary responses to light. 
Nystagmus was not present. Her eyes had 
a tonic deviation alternating between the 
left and the right and a hyperdeviation 
with abduction (Fig 2). Smooth pursuit and 


optokinetic nystagmus could not be elic- ‘ 


ited. Her VOR was normal with a doll’s- 
head maneuver. She had a paucity of sac- 
cades that were hypometric, reduced in 
velocity, and delayed in their initiation. 
She preferred to move her head when 


Fig 1.—Midline sagittal T,-weighted magnetic resonance imaging scan (TR, 2500 ms; TE, 90 ms) 
of patient 2. Cerebellar vermis is hypoplastic, fourth ventricle is enlarged, and brain stem appears 


to be hypoplastic. 


Fig 2.—Tonic lateral deviation and alternating hyperdeviation on abduction of patient 3 looking to right (left) and left (right). 
She was unable to maintain her eyes in central position. 





changing fixation. 

The fundi were normal in both eyes. The 
ERG was nonrecordable, but pattern- 
reversal VEPs were recorded with a 100- 
minute checkerboard pattern (amplitude, 8 
mV; latency, 124 ms). An MRI scan 
revealed cerebellar vermis hypoplasia. 

Case 5.—Patient 5 was delivered full 
term after an uncomplicated pregnancy. 
His parents were unrelated. He had epi- 
sodic tachypnea, and two apneic spells as a 
neonate. During infancy, he was noted to 
have nystagmus and impaired vision and 
was diagnosed as having Leber’s congeni- 
tal amaurosis. 

He was developmentally delayed, but 
made slow, steady progress throughout 
childhood. He sat unsupported at 14 


Table 1.—Visual Evoked Potential (VEP) 
Amplitudes and Latencies of Patients 
With Joubert Syndrome vs Age-Matched 
Controls 


9.5 + 10.2 
Controls 28.9 + 13.9 21.8 + 9.9 
P «.05 «.05 
Mean latency, 
ms 
Joubert 
syndrome 97.3 + 17.8 110.3 + 13.3 
Controls 95.6 + 4.9 103.1+ 3.3 
P NSt NS 


syndrome 13.1 + 13.4 


*Values are mean + SD. 
TNS indicates not significant. 


Central 


Central 





Fig 3.—Horizontal eye and head movements recorded from patient 5 in 
response to presentation of visual target to his right. Head and eye 
traces are added together to produce ''gaze," which is direction in 
which eyes are looking in space. Initial head thrust from left toward right 
produces vestibulo-ocular reflex eye movement in opposite direction. 
Eyes are then carried passively from central location toward target by 
the head. This sequence is characteristic of ocular motor apraxia. Final 
fixation is achieved in a series of delayed hypometric saccades. 
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months, walked when 3% years old, and 
began to talk when 8 years old. He had 
good verbal comprehension, but he had 
difficulty articulating words. At 6 years of 
age his best-corrected visual acuity was 
20/40. 

At 13 years of age, his best-corrected 
visual acuity was 20/60. He complained of 
nyctalopia and preferred well-lit rooms. 
His pupillary responses to light were nor- 
mal. He could identify primary colors, but 
he was unable to recognize any of the 
Ishihara color plates. 

Optokinetic responses to rightward 
stimuli were well formed but had low- 
velocity, slow phases. The responses to 
leftward stimulation produced a tonic 
deviation. Smooth pursuit was absent. 
There were well-formed slow phases to 
high-frequency (1-Hz) sinusoidal oscillato- 
ry stimuli (at 60°/s) but poorly formed fast 
phases. At low frequencies of oscillation 
and in response to steps in rotational 
velocity, the slow-phase vestibular re- 
sponses to rightward stimuli were well 
formed and approximately normal, but the 
responses to leftward stimuli were almost 
absent. Fast phases were poorly formed 
and infrequent when rotated in either 
direction. 

His saccades were hypometric and had 
an increased latency. He changed fixation 
by making head thrusts similar to those 
made by patients with congenital ocular 
motor apraxia (Fig 3). When his head was 
immobilized, he could make hypometric 
saccades, but only after a latency of 2to3s 
(Fig 4). He also had see-saw nystagmus, a 
gaze-evoked nystagmus, an alternating 
exotropia of 40 prism diopters and restrict- 


Central 


30° 


ed upward eye movements. His visual 
fields were constricted to 60°. 

The pigmentation of the peripheral reti- 
na was mottled, the retinal arterioles were 
attenuated, and the optic discs had mild 
pallor. No bone spicule pigmentation was 
present. The ERG was nonrecordable, but 
pattern-reversal VEPs were within normal 
limits for our laboratory, with a 100- 
minute checkerboard pattern (amplitude, 3 
uV; latency, 106 ms). An MRI scan showed 
hypoplasia of the cerebellar vermis. 


COMMENT 


We report the cases of seven chil- 
dren with Joubert syndrome, all of 
whom had a congenital retinal dystro- 
phy, ocular motor abnormalities, and 
developmental delay. Four of the sev- 
en children also had episodic tachyp- 
nea and apnea as infants and one 
child had an apneic spell after a surgi- 
cal procedure. Two of the seven chil- 
dren were siblings and one child had 
consanguineous parents. 

Six of the seven children had been 
previously diagnosed as having Le- 
ber's congenital amaurosis and one as 
having delayed visual maturation. 
Leber's congenital amaurosis is a reti- 
nal dystrophy associated with an 
attenuated or absent ERG, severely 
reduced vision, sluggish pupillary 
responses, nystagmus, and minimal 
fundus abnormalities during infan- 
cy? Low-amplitude VEPs may be 
present to flash stimulation but are 


Grimace 


A 


Head Still 


Command 





Fig 4.— Horizontal eye movements recorded from patient 5 in response 
to presentation of visual target together with a ‘‘command”’ to look left 
while his head was immobilized. Target is eventually achieved after 
delay of several seconds in series of hypometric saccades preceded by 
blinking and grimacing. 
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Table 2.—Electrophysiologic and Eye Movement Findings 


Smooth 
Pursuit 


| Patient/Sex/ 
Age, y 


Type of . 
Nystagmus | 


-= Vestibulo-ocular §Optokinetic | 


Reflex -Nystagmus 


Saccades 


Hyperdeviation 
on Abduction 


Tonic Lateral 
Deviation 


1/F/ a Pendular torsional Absent Normal Impaired Slow, hypometric, delayed Present Present 
2/F/1 See-saw Sporadic Normal Impaired Infrequent, hypometric Absent Present 


Absent 
Absent 
Absent 
Absent 
Absent 


Absent 
Pendular torsional 
See-saw 


3/F/2 
4/M/2 
5/M/ 13 
6/M/ 10 
7!F/3 


See-saw 
Pendular torsional 


absent with pattern stimulation. All 
of the children in our study had non- 
recordable or highly attenuated 
ERGs. Although flash and pattern 
VEPs were present in all but one 
patient, their amplitudes were signifi- 
cantly attenuated compared with age- 
matched controls (Table 1). One child 
had a visual acuity of 20/60 and 
another had 20/80. The other children 
were too young to test with optotypes 
but four had VEPs to pattern-reversal 
stimulation with small check sizes (25 
to 50 minutes) suggestive of at least 
moderate visual acuity. One child had 
VEPs recordable to flash stimulation 
only. 

Both the retinal dystrophy occur- 
ring with Joubert syndrome and 
Leber’s congenital amaurosis are 
associated with progressive chorioret- 
inal pigmentary changes and visual 
loss. Patient 5 developed attenuated 
retinal arterioles and mottled pig- 
mentation of the peripheral retina 
during an 11-year follow-up. His best- 
corrected visual acuity declined from 
20/40 to 20/60. Patient 6 had a decline 
in his best-corrected visual acuity 
from 20/60 to 20/80 after a nine-year 
follow-up. Moore and Taylor* classi- 
fied this condition as a subset of 
Leber’s congenital amaurosis with 
good visual acuity. We now believe 
that the two retinal dystrophies are 
sufficiently different that they should 
be regarded as distinctive conditions. 
Cerebellar vermis hypoplasia has also 
been reported to occur in 10% of chil- 
dren with classic Leber’s congenital 
amaurosis and normal psychomotor 
development.” The preservation of 
macular function and the other asso- 
ciated systemic features of Joubert 
syndrome allow these conditions to be 
distinguished from one another. 

The histopathologic features of the 
eye have been reported in two chil- 
dren with Joubert syndrome and a 
retinal dystrophy. In one report, the 
rod photoreceptors were absent while 
the cone photoreceptors were short- 
ened but present in normal numbers. 
A second report noted a general 
reduction in the number of photore- 
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Absent 
Normal 
Normal 
Impaired 
Absent 


Normal 
Normal Normal 
Impaired 
Normal Normal 


Impaired 


ceptors but did not differentiate 
between the rods and cones.’ The pres- 
ervation of pattern-reversal VEPs 
and visual acuity suggests that the 
rod photoreceptors are more severely 
affected with this dystrophy than the 
cone photoreceptors. 

A range of ocular motor abnormali- 
ties was present in the patients in our 
study (Table 2). Three had pendular 
torsional nystagmus and three had 
see-saw nystagmus. The other child 
had nystagmus documented during 
infancy that resolved spontaneously. 
Three of the seven children had a 
tonic deviation of their eyes alternat- 
ing between the extreme left and 
right. To our knowledge, this ocular 
motor abnormality has not been 
reported previously with Joubert syn- 
drome. Two children had an alternat- 
ing exotropia and five had an alter- 
nating hyperdeviation on abduction. 
Smooth pursuit and optokinetic nys- 
tagmus were absent or impaired in six 
of the seven children. Saccades were 
present in all of the children but were 
hypometric, slow, and had a prolonged 
latency in six of the children. The 
children with abnormal saccades pre- 
ferred to change their direction of 
fixation by turning their heads. 
Patient 5 had head thrusts closely 
resembling congenital ocular motor 
apraxia. The VOR with the doll’s-head 
maneuver was normal in six of the 
seven children in our study. 

Cerebellar lesions are associated 
with impaired optokinetic nystagmus 
and smooth pursuit." Pendular nys- 
tagmus has been attributed to disease 
in the cerebellum or the midbrain.” 
See-saw nystagmus is usually associ- 
ated with midbrain disease and is 
believed to occur secondary to a 
pathologic release of the normal ocu- 
lar tilt reaction. An alternating 
hyperdeviation on abduction is also 
most likely due to dysfunction of the 
ocular tilt reaction." Ablation of the 
cerebellar vermis in primates is asso- 
ciated with dysmetrie saccades'*? 
while slow saccades are generally 
ascribed to dysfunction of the brain 
stem."??' A prolonged latency for the 


Slow, hypometric, delayed 


Hypometric, delayed 


Slow, hypometric, delayed 


Present 
Absent 
Present 


Present 
Absent 
Absent 
Absent 
Present 


Present 
Absent 


initiation of saccades also occurs with 
congenital ocular motor apraxia.” The 
underlying basis for this abnormality 
is not known. 

The anatomic basis of the tonic 
deviation that three of our patients 
had is also unclear. Tonic deviations 
may occur secondary to disease in the 
cerebral hemispheres or pons, but 
they do not alternate on a voluntary 
basis, such as was the case with our 
patients. The ocular motor abnormali- 
ties occurring with Joubert syn- 
drome are probably secondary to dys- 
function of both the cerebellum and 
the brain stem. 

Magnetic resonance imaging scans 
were performed on all of the children 
in our study and each had hypoplasia 
of the cerebellar vermis. Similar 
abnormalities have been reported 
with computed tomographic scan- 
ning.®'°34 Cerebellar vermis hypopla- 
sia is probably the most constant fea- 
ture of Joubert syndrome. 

Four children with Joubert syn- 
drome have been studied neuropatho- 
logically.: All had hypoplasia of 
the cerebellar vermis to varying 
degrees. One patient also had absence 
of the pyramidal decussations, dys- 
plasia of the olivary and paraolivary 
nuclei, and hypoplasia of the nucleus 
gracilis, solitary fascicle, and de- 
scending trigeminal tract.” Another 
patient had hypoplasia of the tractus 
solitarius and hyperplasia of the oli- 
vary nuclei.’ The cerebral hemi- 
spheres were normal in all of these 
patients, except for one with “imma- 
ture” cerebral neurons.’ 

Respiratory problems are not a con- 
stant feature of Joubert syndrome. 
Four of the patients in our study had 
tachypnea as infants. Abnormalities 
of the medullary respiratory centers, 
which have been shown to be present 
histopathologically in several chil- 
dren with Joubert syndrome, are most 
likely responsible for these respirato- 
ry abnormalities.” 


The profound developmental delay. 


and hypotonia occurring in children 
with Joubert syndrome are likely to be 
due to dysfunction of the cerebellum 
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and brain stem. Although the cerebel- 
lar vermis is largely involved in motor 
activities, a recent study suggested 
that it may have certain cognitive 
functions as well.” 

Joubert syndrome should be sus- 
pected in a child with an absent or 
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Clinicopathologic Reports 


Edited by W. Richard Green, MD 


Pseudo-Schnabel's Cavernous Degeneration of the 


Optic Nerve Secondary to Intraocular Silicone Oil 


Carol L. Shields, MD, Ralph C. Eagle, Jr, MD 


@ A 29-year-old man sustained severe 
trauma to his left eye requiring corneo- 
scleral wound repair and retinal detach- 
ment repair. Because of a persistent reti- 
nal detachment, he underwent vitrectomy 
and silicone oil implantation into the vitre- 
ous cavity. Over the ensuing 2 years 4 
months, the eye gradually became glau- 
comatous, blind, and painful, requiring 
enucleation. Histopathologic examination 
revealed that coalescent globules of sili- 
cone oil had infiltrated the entire length of 
the attached atrophic optic nerve. Super- 
ficially reminiscent of the changes seen in 
Schnabel's cavernous optic atrophy, this 
observation provides evidence for the 
theory of Zimmerman et al concerning the 
pathogenesis of cavernous degeneration 
of the optic nerve in glaucomatous eyes. 

(Arch Ophthalmol. 1989; 107:7 14-717) 


ntraocular silicone oil has been used 

in the repair of complicated retinal 
detachments for over two decades,! 
but the ability of the eye to tolerate 
this foreign material has been repeat- 
edly questioned. The ocular tolerance 
of silicone oil has been examined his- 
tologically in several animal models,'* 
but there have been relatively few 
histopathologic reports on the ocular 
tolerance of this material in the 
human eye.” In two of the latter 
cases," and in the case reported 
herein, severe glaucoma was the pri- 
mary indication for enucleation. In 
each of these eyes, cavities containing 
silicone oil were found within the 
parenchyma of the optic nerve. These 
observations are clinically significant 
because glaucoma is an important late 
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complication of silicone oil implanta- 
tion.'*!” 


REPORT OF A CASE 


In February 1988, a 29-year-old man 
sustained a ruptured globe when he was 
stabbed in the right eye with a barbecue 
fork. In 1979, his left eye had been enucle- 
ated after a stab injury. 

On examination, his visual acuity was 
finger counting. A large (15-mm) horizon- 
tal corneoscleral laceration of the globe 
with uveal prolapse and a flat anterior 
chamber were noted. Severe corneal edema 
and anterior segment trauma precluded 
evaluation of the fundus. 

Using general anesthesia, the corneo- 
scleral laceration was repaired with inter- 
rupted sutures. Gentle B-scan ultrasonog- 
raphy disclosed dense vitreous hemorrhage 
and possible retinal detachment. Trans- 
scleral retinal eryopexy was applied to the 
posterior aspect of the laceration just infe- 
rior to the medial rectus insertion, and a 
scleral buckling procedure was per- 
formed. 

Postoperatively, B-scan ultrasonogra- 
phy demonstrated a total retinal detach- 
ment and dense vitreous hemorrhage. The 
scleral buckle was removed, and a pars 
plana lensectomy and vitrectomy were per- 
formed. Intraoperative ophthalmoscopy 
revealed no retinal holes. After generous 
transscleral retinal cryopexy, an 8-mm tire 
was placed over the site of the scleral 
laceration, and an encircling band was 
applied. A copious amount of subretinal 
fluid was drained, and an air-gas exchange 
was performed. 

Immediately postoperatively, the poste- 
rior retina was flat, and only a small 
amount of subretinal hemorrhage was 
present. One month postoperatively (April 
1984), the patient’s vision was hand 
motions, and a shallow retinal detachment 
and several subretinal bands were noted. 
When the patient returned again in July 
1984, his vision was finger counting, and 
the intraocular pressure by applanation 
was 23 mm Hg. The posterior retina was 
flat, and the subretinal bands persisted. 

In January 1985, extrusion of the scleral 
buckle through the conjunctiva prompted 
removal. In February 1985, the inferior 
half of the retina had again detached. In 
early March 1985, the patient underwent a 


pars plana vitrectomy with cutting of sub- 
retinal bands, endophotocoagulation, 
scleral buckling, and implantation of sili- 
cone oil. 

Three weeks postoperatively, the vision 
was finger counting, the intraocular pres- 
sure was 34 mm Hg, and microcystic corne- 
al edema was present. The silicone oil had 
not migrated into the anterior chamber. 
The retina remained flat. Timolol, 0.5%, 
was given to control the intraocular pres- 
sure. 

In November 1986, the vision had deteri- 
orated to bare light perception. The intra- 
ocular pressure remained 34 mm Hg, the 
anterior chamber angle was closed, and 
severe bullous keratopathy had developed. 
Oral acetazolamide was added to the glau- 
coma regimen. Over the ensuing 9 months, 
the patient’s clinical course was marked by 
intractable glaucoma, pain, and bullous 
keratopathy. His vision remained bare 
light perception. Retrobulbar alcohol 
injection failed to relieve his pain. In July 
1987, an enucleation was performed at the 
patient’s request. 


OPHTHALMIC PATHOLOGY 


Macroscopically, the globe measured 
25 X 25 X 27 mm. Nine millimeters of optic 
nerve remained affixed to the globe. A 360° 
scleral buckle coursed obliquely over the 
scleral surface from the equator to the 
peripapillary area. On sectioning, liquid . 
silicone oil was found occupying the vitre- 
ous cavity and anterior chamber. The cor- 
nea was thickened and multiple epithelial 
bullae were present. The anterior chamber 
angle was closed circumferentially by 
peripheral anterior synechiae. The flat- 
tened and atrophic iris and ciliary body 
were rotated anteriorly. The lens was 
absent. Chorioretinal scars marked the 
areas of the prior cryopexy. Posteriorly, an 
8X8X1-mm yellowish white mass was 
noted beneath the thickened retina in the 
posterior pole. In the juxtapapillary area, 
flat subretinal pigment clumping was 
seen. 

Microscopically, the cornea showed bul- 
lous keratopathy, a degenerative pannus, 
stromal vascularization, and endothelial 
atrophy. Broad peripheral anterior syne- 
chiae occluded the anterior chamber angle. 
Lens cortical and capsular remnants were 
encased by fibrous tissue peripherally 
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Fig 1. —4An epiretinal plaque of dense connec- 
tive tissue containing foci of retinal pigment 
epithelial cells rests on the surface of the 
thickened, folded, juxtapapillary retina. Mac- 
rophages laden with silicone oil are seen on 
the surface of the membrane (hematoxylin- 
eosin, original magnification X25). 


Fig 2.— Aggregate of foamy macrophages on 
surface of epiretinal plaque examined under 
higher magnification. Pigment granules are 
found peripheral to the vacuoles, which vary in 
size. Only rare macrophagic nuclei are seen 
(hematoxylin-eosin, original magnification 
X100). 


behind the posteriorly bowed iris. The cili- 
ary body and choroid were moderately 
atrophic. The markedly atrophic and gliot- 
ic peripheral retina was detached artifacti- 
tiously. Posteriorly, two large, scarred, 
nonelevated retinal breaks were present. A 
thick plaque of dense connective tissue 
containing foci of retinal pigment epitheli- 
al cells was present on the surface of the 
thickened and folded juxtapapillary retina 
(Fig 1). A scleral implant and suture mate- 
rial from prior retinal detachment surgery 
were present in the thickened sclera. A 
fibroglial membrane bridged the markedly 
excavated optic disc. 
Aggregates of macrophages containing 
-globules of silicone oil admixed with pig- 
ment were noted deep to a synechia within 
the trabecular meshwork and on the sur- 
face of the iris. Similar aggregates of sili- 
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cone-laden macrophages occurred focally 
on the surface of the ciliary body and inner 
retina (Fig 2) and filled part of the deeply 
cupped optic disc (Figs 3 and 4). Behind the 
posteriorly bowed lamina cribrosa sclerae, 
the parenchyma of the optic nerve was 
diffusely infiltrated by silicone oil (Figs 3 
and 5). This presumptive silicone infiltrate 
included vacuoles of various sizes, which 
coalesced focally, forming cavernous 
spaces. In the nerve, the silicone-filled 
spaces extended to the line of surgical 
transection. Special stains disclosed no 
hyaluronidase-sensitive acid mucopolysac- 
charide. 


COMMENT 


The fluid silicones have been used in 
the treatment of complicated retinal 


detachment for over 25 years. In 1962, 
Cibis and coworkers! stated that 
intraocular liquid silicone was well 
tolerated clinically for up to 7 months 
without serious complications. How- 
ever, a high incidence of late compli- 
cations and poor visual results have 
been reported in more recent studies 
with long-term follow-up.'*'*” Re- 
ported late complications of intraocu- 
lar silicone include cataract, glaucoma 
(due to pupillary block or trabecular 
clogging), and corneal decompensa- 
tion eventuating in band keratopa- 
thy. Late complications some- 
times can be avoided if the silicone oil 
is removed 2 to 4 months after retinal 
reattachment.” Visual deterioration 
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usually results from corneal decom- 
pensation, recurrent retinal detach- 
ment, glaucoma, hypotony, cataract, 


and possibly retinal toxic 
uon." ^ 

Animal experiments performed in 
the early 1960s by Armaly? and 
Rosengren? suggested that intraocu- 
lar silicone was relatively well toler- 
ated. Later studies disclosed more 
ominous findings, including ganglion 
cell degeneration, swelling of the 
nerve fiber layer, and vacuolization of 
the ganglion cells, photoreceptor cells, 
and corneal endothelial cells.**’ 

Only a few histopathologic studies 
on the tolerance of silicone oil by the 


human eye have been reported. In 


reac- 
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1965, Cibis reported on three eyes 
that had been enucleated after sili- 
cone injection, in one of which acute 
postoperative endophthalmitis had 
developed. The other two eyes, which 
had been enucleated approximately 2 
years after silicone implantation, 
demonstrated chronic inflammatory 
cells in the anterior uvea, closed fun- 
nel retinal detachment, and subreti- 
nal silicone cavities. There was no 
inflammatory reaction to the silicone 
oil. Watzke? in 1967 noted globules of 
oil in the anterior chamber angle, iris 
root, a preretinal membrane, and the 
subretinal space in an eye treated 
with silicone oil. In 1971, Blodi^ 
reported silicone-filled cavities in a 


Fig 3.—The optic disc is deeply cupped. 
Behind the posteriorly bowed lamina cribrosa 
sclerae, numerous silicone vacuoles, which 
coalesce focally, forming cavernous spaces, 
totally replace the parenchyma of the optic 
nerve (hematoxylin-eosin, original magnifica- 
tion X5). 


Fig 4.—Mass of macrophages laden with 
silicone oil rests on floor of deeply excavated 
optic disc (hematoxylin-eosin, original magnifi- 
cation X50). 


corneal scar, in the iris stroma, and 
beneath a preretinal membrane and 
the retina in an eye containing sili- 
cone for 7 years. Four subsequent 
studies found no optic nerve infiltra- 
tion by the oil. 

Impregnation of the optic nerve 
with silicone oil has been reported 
only in eyes with chronic glaucoma. 
Rentsch" in 1981 and Ni and cowork- 
ers! in 1983 reported this histopatho- 
logic feature in glaucomatous eyes 
with intraocular silicone oil. They 
observed small silicone globules in the 
optic disc and in the substance of the 
anterior optic nerve.'* Although these 
cases share clinical and histopatho- 
logie similarities with the case pre- 
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sented herein, optic nerve involve- 
ment was much less extensive. In our 


case, the silicone vacuoles had 
coalesced focally into large cavernous 
spaces that involved the entire length 
(9 mm) of the optic nerve, extending 
to the line of surgical transection. 
This cavernous appearance of the 
optic nerve was quite reminiscent of 
Schnabel's cavernous degeneration or 
cavernous optic atrophy found in 
some eyes with chronic glaucoma. In 
1967, Zimmerman and coworkers” 
proposed a theory to explain the 
pathogenesis of the cystic degenera- 
tion of the optic nerve in glaucoma 
(Schnabel's cavernous degeneration). 
Based on the sequential histopatho- 
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logic evaluation of experimentally 
induced acute glaucoma in owl mon- 
keys, they concluded that cavernous 
degeneration of the optic nerve 
resulted from ischemic necrosis of the 
retrolaminar optic nerve, which devel- 
oped consequent to severe acute glau- 
coma. The resultant cystic spaces 
were filled with hyaluronidase-sensi- 
tive acid mucopolysaccharide, proba- 
bly of vitreous humor origin. In our 
case the cystic spaces were filled with 
silicone oil, not vitreous hyaluronic 
acid; likewise, the vitreous cavity in 
our case was filled with silicone oil. 
These observations support the hy- 
pothesis of Zimmerman et al^? that 
fluid from the vitreous cavity fills the 
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Fig 5.—Higher magnification of retrolaminar 
optic nerve showing silicone vacuoles and 
cavernous spaces. Meninges are seen below 
(hematoxylin-eosin, original magnification 
X25). 


cystic spaces in cavernous degenera- 
tion of the optic nerve. 

The presence of microscopic silicone 
globules within the retina and optic 
nerve could possibly explain the poor 
visual results seen in some cases of 
anatomically successful retinal reat- 
tachment. The presence of silicone in 
the optic nerve is a problem from both 
a visual and systemic point of view. In 
glaucomatous eyes, intraocular sili- 
cone oil appears to have a worrisome 
potential for posterior migration into 
the central nervous system. 
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Granulomatous Uveitis in Crohn's Disease 


A Clinicopathologic Case Report 


John F. Salmon, FRCS(Edin); John P. Wright, FRCP(UK); Robert M. Bowen, FFPath(Anat)SA; Anthony D. Murray, FRCS(Edin) 


e Recurrent episodes of uveitis oc- 
curred in a young male patient with clini- 
cal as well as radiologic and histologic 
evidence of Crohn's ileocolitis. His left 
eye became blind and painful, and was 
enucleated. Histopathologic examination 
of the eye revealed a panuveitis with 
evidence of granuloma formation in the 
choroid. While granulomatous inflamma- 
tion has previously been demonstrated in 
extraintestinal sites, to our knowledge, 
this is the first histopathologic evidence 
of granuloma formation within the eye in 
Crohn's disease. 

(Arch Ophthalmol 1989;107:7 18-7 19) 


rohn’s disease is a chronic, relaps- 

ing, inflammatory bowel disease 
of unknown cause. The histopatholog- 
ic hallmark of the disease is the for- 
mation of granulomas, not only in the 
gastrointestinal tract but also in mes- 
enteric lymph nodes, liver, synovia, 
muscle, bone, and skin.'$ Although 
ocular manifestations of Crohn's dis- 
ease occur in 4% to 6% of patients,” 
granuloma formation within the eye, 
to our knowledge, has not previously 
been demonstrated. In this report, we 
describe the clinicopathologic find- 
ings in a patient with Crohn's disease 
complicated by panuveitis. 


REPORT OF A CASE 


A 24-year-old man presented in January 
1984 with a four-month history of bilateral 
deterioration of vision, ocular pain, and 
photophobia. He had experienced an epi- 
sode of polyarthritis involving his knees, 
elbows, and wrists several months before 
the ocular symptoms had commenced. In 
1981, he had been examined for weight 
loss, malaise, and finger clubbing, but no 
cause had been found. 

Results of a physical examination were 
unremarkable. Ophthalmologic examina- 
tion revealed a visual acuity of 20/20 OD 
and hand motions at 0.33 m in the left eye. 
Old keratic precipitates and posterior 
synechiae were noted in the right eye. An 
active uveitis, with large keratic precipi- 
tates, a dense anterior chamber cellular 
response, and iris nodules, was present in 
the left eye. Local corticosteroid therapy 
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greatly reduced the inflammation in the 
left eye, and the visual acuity improved to 
20/80. The fundus could not be adequately 
assessed because of persistent posterior 
synechiae and a small, bound-down pupil. 
Enzyme-linked immunosorbent assay for 
toxoplasmosis serologic tests for syphilis 
were negative. Serum angiotensin-con- 
verting enzyme level was 38 U/L. Histo- 
compatibility testing revealed that the 
patient was HLA-B27 negative. There was 
no response to a Mantoux skin test. Radio- 
logic examination of the chest and sacroil- 
iac joints revealed no abnormalities. 

In May 1984, he was admitted to the 
hospital with a three-month history of 
lower abdominal pain and diarrhea. No 
ocular inflammation was present. Results 
of a stool examination were normal. Sig- 
moidoscopy and a barium enema con- 
firmed the diagnosis of Crohn's disease 
affecting the ileum and descending colon. 
The acute episode of bowel inflammation 
was controlled with systemic corticoste- 
roid therapy. 

The patient failed to return for further 
follow-up until March 1985, when he pre- 
sented with a short history of pain and 
reduced vision in the left eye. A marked 
hypopyon uveitis was present, and a 
secluded pupil with a cataract was noted. 
Visual acuity remained only light percep- 
tion, despite intensive corticosteroid and 
mydriatic therapy. The right eye showed 
no signs of active inflammation, and the 
fundus appeared normal. In April 1985, he 
again had a marked increase in diarrhea 
and abdominal cramps. 


In July 1985, the patient returned with 
severe pain and a blind left eye. An iris 
bombé with secondary angle closure glau- 
coma was present. A peripheral iridectomy 
was performed; the eye remained blind but 
comfortable until January 1986, when he 
had another episode of hypopyon uveitis. 

Over the following 12 months, he had 
several attacks of acute ocular and bowel 
inflammation, which necessitated systemic 
corticosteroid therapy. During this period, 
he developed bowel fistulas and an ischio- 
rectal abscess. In August 1987, he request- 
ed an enucleation of the blind left eye 
because of persistent pain. At the time of 
enucleation, a complete blood cell count 
revealed a mild microcytic hypochromic 
anemia with a white blood cell count of 
7.7 X 10°/L, and an erythrocyte sedimenta- 
tion rate of 66 mm/h. 

In January 1988, the patient underwent 
abdominal surgery to remove an obstruc- 
tion to the right ureter. Twelve centime- 
ters of small bowel was resected. 


RESULTS 


Histologic examination of the left 
eye revealed a panuveitis, with promi- 
nent inflammatory signs in the iris 
and ciliary body. Numerous lympho- 
cytes and plasma cells were found in 
the iris, but no granuloma formation 
was noted. No inflammatory cells 
were observed in the anterior cham- 
ber or vitreous. Three poorly formed 
nonnecrotizing granulomas in the 
choroid were present (Figs 1 and 2). 


Fig 1.—Two granulomas were noted in choroid of left eye (A and B). There was no evidence of 


~ 
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Fig 2.—Higher magnification demonstrated poorly formed, nonnecrotizing granulomas (hematoxylin-eosin, original magnification X 180). 


Special stains for acid- and alcohol- 
fast bacilli, other bacteria, spiro- 
chetes, and fungal elements were neg- 
ative. There was no evidence of 
inflammation in the ciliary or retinal 
vasculature. 

Histopathologic examination of the 
small-bowel tissue revealed features 
compatible with Crohn's disease. A 
fissuring ulceration of the mucosa 
was present. Aggregates of lympho- 
cytes, some with germinal centers, 
were scattered throughout the bowel 
wall in a transmural distribution. An 
occasional crypt abscess with neutro- 
phils and eosinophils was present, but 
no granulomas were demonstrated in 
the appendix, cecum, or ileum. 


COMMENT 


Although many conditions may 
mimic Crohn’s enteritis, few diseases 
involve the bowel in association with 
granulomatous uveitis. Our patient 
had diffuse inflammatory disease of 
the ileum and descending colon that 
was clinically, endoscopically, and 
radiologically characteristic of 
Crohn’s disease. Although no granulo- 
mas were found, the histopathologic 
findings in the bowel were otherwise 
typical of Crohn’s disease. In keeping 
with the multisystem nature of the 
disease, arthritis and finger clubbing 
were present. 

Tuberculosis in particular may 
affect any part of the gastrointestinal 
tract, but, in contrast to Crohn’s dis- 
ease, it is rare in the colon.' In histo- 
logic sections, granulomas are a con- 
stant feature of tuberculosis but may 
not be found in Crohn’s disease. 

Granuloma formation in intestinal 
mucosa is identifiable in approxi- 
mately 60% of patients with Crohn’s 
disease using meticulous serial sec- 
-tion examination.’ Choroidal granulo- 
mas in tuberculosis are usually large 
and confluent, and the surrounding 
rim of lymphocytes is prominent. In 
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our patient, acid- and alcohol-fast 
bacilli were never demonstrated. 

Behcet’s disease may cause a hypo- 
pyon uveitis, and involvement of the 
gastrointestinal tract may resemble 
what occurs in Crohn's disease." How- 
ever, no other features of this disease 
were present. 

Ocular manifestations of Crohn’s 
disease include recurrent attacks of 
conjunctivitis, marginal keratitis, 
episcleritis, scleritis, myositis, uveitis, 
neuroretinitis, exudative retinal de- 
tachment, and optic neuritis.^*' 5 Our 
experience, supported by a review of 
the literature, would suggest that the 
most common form of uveitis in 
Crohn’s disease is an acute “nongran- 
ulomatous" anterior uveitis.'* Panu- 
veitis with large keratic precipitates, 
iris nodules, and hypopyon formation, 
as found in our patient, should be 
considered an atypical presentation of 
uveitis in Crohn’s disease. 

The mechanisms causing this spec- 
trum of ocular disease are not well 
understood, although the favorable 
response to corticosteroid therapy 
suggests that an immune mechanism 
is responsible." Pathologic correlation 
to these clinical manifestations has 
rarely been reported. However, con- 
junctival granulomatous inflamma- 
tion^ and granuloma formation in 
nodular episcleritis in Crohn's disease 
have been described." The details we 
present provide the first, to our 
knowledge, histopathologic evidence 
of granuloma formation within the 
eye in Crohn’s disease. In light of a 
recent report of retinal vasculitis in 
Crohn’s disease, it is interesting to 
note that no evidence of inflammation 
was found in the retinal or choroidal 
vasculature.’ 
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87% OF PATIENTS 
SAY THEY WANT 


their doctors to belong to the AMA. That's right. In a recent national survey, 
an overwhelming majority said it was important that their doctors were 
members of the AMA. If youre not a member already, perhaps it's time you 
joined...for your patients sake and yours. Because the AMA works to protect 
your most important professional freedom: the right to provide the best 
possible care for your patients. The AMA is your ally in Congress where 
decisions are made and policies determined. We keep you up-to-date on the 
latest scientific information. And we help you with the business of medicine 


so that you have more time for helping and healing. Perbaps it's time to take 
your patients’ advice: Join tbe AMA. 


Call today for complete information. ]- SOO -AMA- 4 P. 4 5 EXT. 22 ET. 


Or write to the American Medical Association, Division of Membership, 
in care of PO. Box 8930, Madison, WI 53708-8930. 
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RETINA RESEARCH 
POSITION 


NORTHWESTERN UNIVERSITY 


Academic position beginning Jan 1, 1990, at Assistant or 
Associate Professor level for basic scientist (PhD) interested 
in retinal function. Women and minorities are encouraged to 


apply. 
Send Curriculum Vitae to: 


Lee M. Jampol, M.D., Chairman 
Department of Ophthalmology 
303 E. Chicago Avenue 
Chicago, IL 60611 
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OPHTHALMOLOGIST 


D.C. General Hospital is seeking a candidate for a 
full-time position (Medical Officer) in the Ophthalmology 
Section of the Department of Surgery. The candidate 
will have an academic appointment in the Department of 
Ophthalmology of Georgetown University Medical School. 
Responsibilities of this position include patient care, 
active involvement in resident education programs, and 
clinical research. The candidate must be certified by the 
American Board of Ophthalmology. An applicant should 
send C.V. with a list of references to: 


Suresh R. Limaye, MD 
Ophthalmology Service 
D.C. General Hospital 
19th & Mass. Ave., SE 
Washington, DC 20003 
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Pred Forte? 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 
of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved. 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication inthe presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 


As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids. 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 


Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 


Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
to produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
temic side effects may occur rarely with extensive use of topical 
steroids. 
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D Ophthalmologist 


CHP, a leader in physician managed 
prepaid health care, is looking for a 
full-time, board certified/board 
eligible ophthalmologist to join our 
multi-specialty staff at the Latham 
Health Center, just north of Albany, 
NY. We are a twelve-year-old, well- 
established, financially stable HMO 
which emphasizes high quality, 
cost-effective health care. We offer a 
competitive salary and a complete 
benefit package including 
malpractice, health, life and 
disability insurance, a fully vested 
pension plan and generous vacation 
and CME time. For more 


information please contact: 
Lynn G. Harris, Director 
Physician Recruiting 
COMMUNITY HEALTH PLAN, INC. 


1201 Troy-Schenectady Road 
Latham, NY 12110 1-800-544-4435 
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300 North Zeeb Road 18 Bedford Row 
Dept. P.R. Dept. P.R. 

Ann Arbor, MI 48106 London, WC1R 4EJ 
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; €. Hyperopic hydrogel  intracorneal 
enses were successfully implanted into 
-27 of 33 primate eyes. All eyes were 
evaluated preoperatively and postopera- 
ively at monthly intervals for clinical 
ippearance and refractive alteration. In a 
preliminary surgical series, several fac- 
“tors, such as tight sutures and implant 
n design, resulted in a poor refractive yield. 
The final surgical series used a microker- 
-atome with a pediatric microkeratome 
-ring for smooth interface cuts, interrupted 
suturing with sufficient tension to align 
the wound without compression, a suture 
through the lens to prevent its disloca- 
tion, and intraoperative keratometry to 
educe postoperative cylinder. The pre- 
dicted vs measured refractive alteration 
-for a range of 6 to 20 diopters had a 
correlation coefficient of .95. Keratome- 
try changes correlated to the refractive 
-changes with a coefficient of .97 but 
-understated the change in refraction cre- 
-ated by the surgery. 

ME (Arch Ophthaimo! 1989;107:724-730) 


Tihe most powerful refractive lens in 
" the optical system of the eye is the 
'ornea. This is due to the large differ- 
| nce in refractive index (np) between 
‘the cornea (ny = 1.875) and air 
nud = d js large changes in 
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Intracorneal Lenses in Primate Eyes 


Bernard E. McCarey, PhD; Marguerite B. McDonald, MD; 
Gabriel van Rij, MD; Bayardo Salmeron, MD; Dean K. Pettit; Patricia M. Knight, PhD 


the refractive power of the eye may be 
achieved by altering the anterior cor- 
neal curvature. Hydrogel intracorneal 
lenses (ICLs) may induce such 
changes by either steepening (for 
hyperopie correction) or flattening 
(for myopic correction) the anterior 
corneal curvature after a lamellar dis- 
section of the cornea.'* The hydrogel 
ICL has little dioptie power when 
embedded in the stroma medium, as 
compared with air medium, because of 
the small difference in refractive 
index between  high-water-content 
hydrogels (np) = approximately 1.385) 
and the stroma. For this reason, the 
most important factor in determining 
the refractive alteration from hydro- 
gel ICL implantation is the implant 
anterior surface radius. The anterior 
corneal curvature conforms to the ICL 
such that it is a concentric radius to 
the anterior surface of the ICL. In this 
study, hyperopic hydrogel ICLs made 
of copolymers of N-vinyl-2-pyrroli- 
done and methyl methacrylate were 
implanted into nonhuman primate 
eyes to evaluate their biocompatibili- 
ty and power predictability. 


MATERIALS AND METHODS 
ICL Characteristics 


A total of 33 hydrogel ICLs (Lidofilcon A 
[70% water content] and Lidofilcon B [79% 
water content|; Allergan Medical Optics, 
Irvine, Calif) were used for these studies. 
The characteristics of the ICLs were as 
follows: diameter, 4.7 to 5.0 mm; central 
thickness, 0.17 to 0.35 mm; base curve 
radius, 5.0 to 6.3 mm; edge thickness, 0.05 
to 0.09 mm; and dioptric power, 6 to 20 
diopters (D). The ICL powers of 11 lenses 
were expressed as the expected corneal 
dioptric power alterations and were 
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grouped into three ranges in the final 
series, ie, 5.5 + 0.4, 11.9 + 0.7, and 19.5 + 
1.2D (mean + SD). The lens edge design of 
the final series had an improved taper to 
allow for a smooth transition between the 
corneal tissue and the edge of the implant. 
The ICL dimensions were measured on a 
X50 comparator specially adapted with a 
0.9% saline-filled wet cell at room temper- 
ature for the preliminary series’ lenses and ^ 
33°C for the final series’ lenses. The poly- 
mers used are known to be dimensionally 
stable at constant temperature within nor- 
mal physiologic fluctuations of pH and 
osmolarity.” After equilibration of the 
ICLs to 0.9% saline, they were blotted dry 
and the vertex powers of the ICLs were 
confirmed with a lensometer. Theoretical 
refractions, keratometry values, and 
changes in corneal thickness were deter- 
mined according to the inspected dimen- 
sions. 





Prediction Algorithm 


The theoretical changes in refraction, 
keratometry, and corneal thickness were 
calculated by means of a computer algo-.& 
rithm.' Briefly, it is assumed that the ICL | 
is flexible enough to conform to the curva- 
ture of the exposed keratectomy bed, thus 
making the ICL posterior radius equal to 
the keratectomy bed radius. The anterior 
radius of the ICL is then determined by a 
geometric algorithm with the assumptions 
that the cross-sectional area of the implant 
is constant and that the arc length of the 
implant is constant before and after con- 
forming to the cornea. The posterior radius 
of the corneal cap is assumed to conform to 
and become equal in value to the anterior 
radius of the implant. The anterior radius 
of the cornea is equal to the anterior ICL 
curvature plus the thiekness of the corneal 
cap. The total refractive change is deter- — 
mined by summing the thick lens formularer- 
dioptric power for each optical surface and ^. 
subtracting this value from the preopera- 
tive corneal power. 
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Preoperative and Postoperative 
Examinations 


The animal models were adult male and 
female rhesus (Macaca mulatta) and green 
(Cercopithecus sabeus) monkeys. Regular 
examinations throughout the study includ- 
ed biomicroscopy, keratometry, retinosco- 
py, pachymetry, and photokeratoscopy. 
The preoperative keratometry, (five con- 
secutive measurements) and subjective 
retinoscopy were repeated twice at one- 
week intervals. Values were adjusted for 
the vertex distance. The pachymetry was 
performed with an optical unit (Haag 
Streit Ag, Waldwick, NJ) in the prelimi- 
nary series and an ultrasonic unit (Storz 
Instruments, St Louis) (1640 m/s) in the 
final series. The photokeratoscope photo- 
graphs were taken with a corneoscope (Ni- 
dek Corp, Palo Alto, Calif).5 Postoperative 
examinations were performed on the third, 
seventh, 14th, and 21st days after surgery 
and monthly thereafter, as described by 
McCarey et al.’ 


Surgical Series 


A preliminary surgical series was per- 
formed by two of us (M.B.M. and B.S.) to 
establish the most appropriate surgical 
technique based on the resulting refractive 
alterations relative to the predicted values. 
The final series was done by a surgeon 
(G.V.R.). The major difference in surgical 
technique was the tightness of the sutures 
through the corneal cap and the lamellar 
bed. The preliminary series used tight 
interrupted sutures without the aid of an 
operating microscope keratometer. The 
final series used firm-tension interrupted 
sutures with minimal tissue compression. 
An operating microscope keratometer was 
used in the final series to lessen the post- 
suturing astigmatism. The surgical proce- 
dures were based on Barraquer's* kerato- 
phakia technique. The final series was 
found to give the best refractive predict- 
ability. 

The steps followed in the two surgical 
series are described in the subsequent 
paragraphs with the exception of the 
suturing technique and the use of an oper- 
ating microscope keratometer. Preopera- 
tive keratometry values were reconfirmed 
with a keratometer (Smirmaul, obtained 
through Instruments for Medicine, Santa 
Barbara, Calif) attached to an operating 
microscope (Topcon OMS-300, Topcon 
Instrument Corp of America, Paramus, 
NJ) while the animal was on the operating 
table. To improve visual access to the eye, a 
canthotomy at the angle of the temporal 

‘side of the eye was performed. A peritomy 
was performed, exposing the sclera to 
improve microkeratome suction ring fixa- 
tion (Steinway Instrument Co Inc, San 
Diego). A radial corneal abrasion was 
made with a blunt instrument in the 
peripheral epithelium, and methylene blue 
or fluorescein dye was used to stain the 
abrasion. This was done for reorientation 
of the corneal cap later in the procedure. A 


-,-2-mL retrobulbar injection was given to 


make the eye proptotic and thus more 
accessible. A pediatric suction ring was 
then centered on the eye, and suction was 
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No. of 
Series Material Implants 
Preliminary Lidofilcon A 9 
Lidofilcon B 


No. of 
zu Predicted 
0.0 + O.O0t 
5.5 + 0.4 
11.9 + 0.7 


19.5 + 1.2 





Table 1.—Refractive Results 


Final Lidofilcon A 11 103 + 12 0.6 


Table 2.—Percentage Correction Achieved in the Final Series 


Change, Diopters 
—————————D 















% Correction Average Postoperative 






Achieved Cylinder, Diopters 
70 + 38 4.3 
61 + 45 











96 Correction 
Achieved * 






Achieved 
0.6 + 0.5 
6.1 + 0.8 
12.9 + 3.6 
17.5 = 1.8 






111.0 
108.4 
89.7 

















* Diopters predicted, divided by diopters achieved, multiplied by 100. 
tSham operations were predicted to have no effect on postoperative refractions. 


4 5.0-mm-Diameter Implants 


A Shams 


Actual Change in Refraction, D 





15 20 25 


Predicted Change in Refraction, D 


Fig 1.—Most recent four months of subjective refractions in final series averaged for each 
postsurgical eye. Linear regression line was fitted to data relative to predicted change in 
refractions. Line is defined by equation y = 0.90x + 1.13; r= .95. D indicates diopters. 


applied until the intraocular pressure 
reached approximately 60 mm Hg. The 
intraocular pressure and the diameter of 
the keratectomy to be performed were 
verified with the applanation lenses pro- 
vided with the microkeratome unit. The 
microkeratome equipped with a No. 35 
depth plate was then passed across the 
suction ring, resecting the cornea. 

The resultant corneal cap measured 
approximately 8.5 mm in diameter and 0.30 
mm in thickness. The incision plane was 
made slightly greater than 50% depth in 
the cornea to strengthen the structural 
integrity of the corneal cap. The exposed 
interface of stroma was carefully irrigated 
with saline to remove any debris or cells. 
The corneal cap was then replaced in its 
original location and orientation to the 
epithelial abrasion. Four interrupted 10-0 
nylon sutures were placed at 90° through 
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the cap to the surrounding cornea. Either 
the temporal or the 12-o'clock suture was 
left united for insertion of the hydrogel 
ICL. The ICL was centered over the visual 
axis, and the untied suture was knotted. 
An additional 12 interrupted sutures were 
placed evenly around the cap, for a total of 
16 sutures. In the initial series, the sutures 
were tight with tissue compression at the 
wound margin. The final series placed the 
sutures with sufficient tightness to align 
the cap on the bed with minimal tissue 
compression. The surgical microscope ker- 
atometer was used to check the sphericity 
of the resultant corneal surface, and 
sutures were adjusted if necessary. A sin- 
gle interrupted suture was placed through 
the corneal cap and the periphery of the 
ICL, specifically to prevent the monkey 
from mechanically dislodging the implant 
during the first few postoperative days. 
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Fig 2.—Subjective refractions of monkey eyes after surgery in final series expressed as 
percentage change in spherical equivalents with respect to postoperative time. Data are grouped 
and averaged (+ SD) for three predicted power ranges; low (circles) is 5.5 diopters (D), middle 
(triangles) is 11.9 D, and high (squares) is 19.5 D. Refractions for middle and high power ranges 
were relatively stable throughout one-year follow-up. Low-power range had gradual decrease in 
refractive change during first six months. 
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Fig 3.— Postoperative changes in keratometry values relative to refractive changes for final 
series, fitted with linear regression line defined by y = 0.71x — 0.103 (r = .97). D indicates 
diopters. 
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Thus suture is necessary for this animal 
model and is in no way recommended for 
clinical use. After two days, this suture 
was removed. Atropine sulfate and poly- 
myxin B sulfate-bacitracin zinc-neomycin 
sulfate ointment were applied to the eye 
immediately postoperatively, and 1 mL of 
saline was injected into the upper lid to 
force it closed. Loose sutures were removed 
as necessary up to the 21st postoperative 
day, at which time remaining sutures were 
removed. 

In addition to the 33 implant procedures, 
five sham procedures were performed in 
which surgery was done as described above 
but without the insertion of an ICL. Sham 
procedures were carried out as a control to 
determine the refractive effects of the sur- 
gical procedure itself without ICL implan- 
tation. 


RESULTS 
Success Rates 


A successful surgical procedure was 
defined by the postsurgical eye having 
a clear optical media, enabling the 
examiner to complete the follow-up 
examination through the postopera- 
tive period. Sixteen (70% ) of the orig- 
inal 22 procedures in the preliminary 
series with tight suture tension were 
successful. The surgical complications 
were immediate postoperative neo- 
vascularization, ICL extrusion, iris 
hemorrhage, and/or cataract forma- 





tion. The final series evolved based on > 


the refractive results of the prelimi- 
nary series (ie, predictability and 
astigmatism) and not the surgical 
complications. In the final series with 
firm suture tension without tissue 
compression, 11 lenses were im- 
planted and all were successful. 

A total of 27 of the original 33 
implantations were able to be fol- 
lowed up at regular postoperative 
intervals and are included in the fol- 
lowing results. 


Preoperative Values 


The preoperative corneal measure- 
ments for the 27 eyes with successful 
procedures had spherical equivalent 
refractions of 0.09 + 0.91 D. Average 
keratometry readings were 53.09 + 
2.14 D (mean + SEM) or radius 
6.36 + 0.25 mm; pachymetry mea- 
surements were 0.50 + 0.08 mm for 
the optical measurements and 0.51 + 
0.02 mm for the ultrasound measure- 
ments. 


Postoperative Refractions 


The postoperative retinoscopy, ker- 
atometry, and pachymetry data pre- 
sented in the following sections are 
the averages of the four most recent 


postoperative examinations. This ~*~ 


serves to eliminate the effects of early 
postoperative fluctuations. The aver- 
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Actual Change in Keratometry, D 





Predicted Change in Keratometry, D 


Fig 4.— Actual vs predicted change in keratometry values of final series, indicating predictability 
of surgical procedure. Linear regression line through data is defined by y= 0.62x + 0.95 


(r = .95). D indicates diopters. 


Table 3.—Predicted vs Actual Changes in Keratometry 


Material 
Lidofilcon A 
Lidofilcon B 
Lidofilcon A 


Series 
Preliminary 


Final 





Diameter, 


Series m 
Preliminary 


Final 














* Average spherical value. 


age postoperative follow-up using the 
preliminary surgical series was 67 + 
25 weeks (mean + SD), with a mini- 
mum of 20 weeks and a maximum of 
93 weeks. From the final series, the 
average postoperative follow-up was 
46 + 10 weeks, with a minimum fol- 
low-up of 36 weeks and a maximum 
follow-up of 72 weeks (18 months). 
Table 1 lists refractive results for 
the two series using retinoscopy in 
terms of percentage correction 
achieved. These values are determined 
by dividing the actual by the predicted 


change in refraction at the corneal 


plane. In the preliminary series, the 
percentage correction was an average 
66% + 40% (mean + SD) for the 16 
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No. of Implants 


Thickness, 


Table 4.—Postoperative Keratometry With 
Similar-Diameter Intracorneal Lenses 
n m 






% Keratometric 
Change Achieved 


53 + 19 
47 + 46 
73 + 16 








Change in 

mm Keratometry, Diopters ' 
0.23-0.26 
0.24-0.25 





3.9 + 2.6 
8.8 t 2.8 





eyes. A linear regression of predicted 
change in refraction vs actual change 
in refraction in the preliminary series 
yielded a correlation coefficient of .46. 
In the final series, the average per- 
centage correction for the 11 eyes was 
103% + 12%, with a correlation coef- 
ficient of .95. The postoperative cylin- 
der was greatly reduced, from 4.3 D 
(preliminary series) to 0.6 D (final 
series) for the Lidofileon A implant 
(Table 1). In Table 2, the predicted 
corrections created by the ICLs in the 
final series were grouped into three 
sets: 5.5 + 0.4 D (mean + SD), 11.9 + 
0.7 D, and 19.5 + 1.2 D. The percent- 
age correction achieved decreased 
with increasing implant power. The 
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sham procedures induced little refrac- 
tive shift in these eyes. Figure 1 illus- 
trates the data in graphic form, fitted 
to a linear regression line with a 
correlation coefficient of .95. 

The refractive stability in the final 
series is demonstrated in Fig 2. This 
figure plots the percentage change in 
refraction achieved during the 12- 
month postoperative period for the 
implants separated by power into the 
three groups defined above. The graph 
demonstrates reasonable predictabili- 
ty and dioptric stability for the mid- 
dle- and high-dioptric-power sets. The 
low-dioptric-power set demonstrated 
an overcorrection initially, but after 
eight months the values leveled out at 
approximately 110%, ie, 10% overcor- 
rection. 


Postoperative Keratometry 


The objective of the surgical proce- 
dure was to create a predictable alter- 
ation in the anterior corneal curva- 
ture. Therefore, keratometry should 
be a good technique to measure the 
success of the surgical procedure. Lin- 
ear regression analysis was per- 
formed on the change in keratometry 
vs the change in refraction for the 
preliminary procedure and for the 
final procedure. Correlation coeffi- 
cients of .64 and .97, respectively, were 
found between these two variables. 
The respective slopes for the regres- 
sion lines were 0.42 and 0.71, which 
indicate that the change in keratome- 
try was less than the refractive 
changes for a given ICL. Figure 3 
illustrates the graphed data for the 
final series. A comparison of the actu- 
al vs predicted change in keratometry 
is a more realistic measure of the 
predictability of the surgical proce- 
dure. The correlation coefficient for 
the final series was .95 (Fig 4). The 
percentage of keratometry change for 
each lens material is listed in Table 3. 
These values were determined by 
dividing the actual by predicted kera- 
tometry readings. From this table, it 
is seen that keratometry shifts were 
less than predicted by 47% to 7396.. 
There was a significant difference (us- 
ing the two-tailed probability test; 
P = .03) in the mean postoperative 
keratometry readings between the 
two surgical series when comparing 
similar-diameter lenses of similar 
center thicknesses (Table 4). 


Pachymetry 


The implant central thickness in 
the final series was measured by 
ultrasound and ranged from 0.19 to 
0.85 mm, thus making it possible to 
consider the effect of implant thick- 
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ness on postoperative corneal thick- 
ness. The sum of the ICL thickness 
plus the presurgery corneal thickness 
is plotted against the postoperative 
corneal thickness in Fig 5. The line 
has a correlation coefficient of .81 and 
a slope of 0.51. This indicates that the 
corneal postoperative thickness did 
not increase as much as did the preop- 
erative component thickness. By the 
optical pachymetry method used in 


the preliminary series, the depth of 
the implants could be determined. The 


No. 35 microkeratome base plate is 
expected to remove a 0.35-mm corneal 
disk, yet our experience with the mon- 
key resulted in an average disk thick- 
ness of 0.30 + 0.06 mm, ie, 57% of the 
total corneal thickness. 


Corneoscopy 


Corneoscopy was performed preop- 
eratively and during at least one post- 
operative visit. The resulting photo- 
graphs were digitized and converted 
into color-coded topography maps as 
described by Maguire et al.° Figures 6 
and 7 illustrate mappings of two eyes 
from the same animal, which received 
+5-D (right eye) and +15-D (left eye) 
ICLs. The effective optical zone creat- 
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Fig 6.—Color corneal topography map of monkey cornea six months 
after implantation of +5-diopter intracorneal lens demonstrates approx- 


imate 5-mm optical zone. 
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VISIT - 12/2/86 
Power range - 39.0-72.0 Diopters. Contour interval:3.0 D. 
330-Q.0 Q.1-5.0 6.1-8.0 48.1510 51.1540. 54.1-57.0 57.1-60.0 60.1-63.0 63.1-65.0 66.1-69.0. 69.1-72. 


ed by the 5-mm-diameter implants 
may be estimated by measuring the 
diameter of the apex zone with a 
uniform dioptric power. This ap- 
proach is reasonable for a plus-pow- 
ered implant with minimal edge buf- 
fing and a refractive index similar to 
that of cornea. It is assumed that the 


Preoperative ICL + Preoperative Corneal Thickness, mm 


0.4 0.5 





peripheral optics of the implant 
should not necessarily interfere with 
proper light transmission provided 
the interface is optically clear. Using 
this technique, the +5-D ICL had an 
effective optical zone of 5 mm and the 
+15-D ICL had an effective optical 
zone of approximately 4 mm. 





0.6 0.7 0.8 


Fig 5.—Preoperative corneal thickness plus intracorneal lens (ICL) thickness plotted relative to 
total postoperative corneal thickness. There is positive correlation with a linear regression line of 


y = 0.45 + 0.51x (r = .81). 
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Fig 7.— Color corneal topography map of monkey cornea six months 
after implantation of +15-diopter intracorneal lens demonstrates 


approximate 4-mm optical zone. 
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COMMENT 


The primate model was chosen for 
these studies because of the similarity 
of the corneal tissue to that of 
humans, specifically the presence of 
Bowman's membrane. However, the 
primate model presents several surgi- 
cal technique problems, such as the 
small diameter and radius of the eye, 
deep-set orbit, and pronounced nose 
bridge. These factors served to make 
the microkeratome surgery difficult 
and at times resulted in excessive 
trauma during surgery. Six of the 22 
eyes in the preliminary surgical series 
demonstrated surgical trauma-in- 
duced cataracts and other early post- 
operative complications. Also, the pri- 
mates tended to rub their eyes postop- 
eratively, causing suture breakage, 
implant dislocation, and even com- 
plete ICL extrusion. The experiences 
gained from the preliminary surgical 
series led to the protocol used in the 
final surgical series. The success of 
the final series was evaluated by the 
predictability of the refractive altera- 
tions. 

Several factors may be responsible 
for errors in the refractive outcome: 
(1) prediction algorithms and the 
assumptions, (2) ICL design and 
inspection of ICL characteristics, (3) 
incision plane apposition and suture 
tightness, (4) accuracy of refraction 
data, and (5) physical limitations in 
steepening the corneal curvature. 

The accuracy of the predicted 
refractive alteration is dependent on 
the appropriateness of the prediction 
algorithms and their assumptions. 
The theoretical alterations in refrac- 
tion and keratometry were calculated 
by means of an algorithm developed 
by Watsky et al' in 1985. It is assumed 
that the corneal and ICL thicknesses 
are unaltered and only the anterior 
corneal curvature is altered in the 
postsurgical eye. The algorithm is 
based on geometric relationships and 
does not include wound healing or 
hydration changes in the tissue or 
ICL. Watsky et al demonstrated the 
accuracy of the predictive algorithm 
applied to a different series of ani- 
mals that had surgery performed by 
one of us (G.V.R.). The prediction 
error of the hydrogel ICLs 12 months 
postoperatively was —0.9 + 1.07 D; 
however, only four similar-powered 
ICLs were considered. The predicted 
refractive error from the final series 
of hydrogel ICLs ten months postop- 


 eratively was +0.49 + 2.5 D. Signifi- 
cant prediction errors could be intro- 


duced if there is not a preservation of 
cornea and ICL thickness. 
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Pachymetry measurements imply 
that the cornea is not as thick as 
expected after ICL implantation and 
that either the cornea, ICL, or both 
have thinned. Previous experiments 
by Beekhuis and McCarey’ suggest 
that for hydrogels with water con- 
tents of 70% and below, the ICLs do 
not lose water content or diameter 
when measured in vivo and therefore 
do not thin significantly. The thick- 
ness of the corneal disk immediately 
after microkeratome dissection was 
not measured. Therefore, it is not 
possible to verify postoperative corne- 
al cap thinning. Furthermore, limita- 
tions in pachymetry data analysis in 
the present studies result from inher- 
ent measurement problems in both 
optical and ultrasonic techniques. 
Both pachymeters are calibrated for 
corneas without implants. The differ- 
ence in refractive index between the 
cornea and the ICL will induce a slight 
error in the optical technique, and the 
difference in ultrasonic velocity 
between the cornea and ICL will 
induce error with the ultrasonic tech- 
nique. Also, finding the ICL center in 
primates is difficult and may result in 
variabilities. 

The ICL design and accuracy in 
determining the ICL characteristics 
may affect the expected alteration in 
anterior corneal curvature, ie, inaccu- 
rate input into the predictive algo- 
rithms will yield inaccurate predic- 
tions. As experience in manufacturing 
the ICLs increased, there was an evo- 
lution in the ICL production and 
inspection. For the preliminary series, 
a contact lens cleaning solution was 
used to clean the lenses. Contact lens 
cleaning solutions were not used to 
clean the lenses in the final series. 
This choice was made to avoid poten- 
tial toxic reactions to the cornea due 
to the cleaning agent and should not 
have had an effect on the refractive 
results. With regard to power inspec- 
tion, the only change made between 
the preliminary and final series was 
the inspection temperature. Hydrogel 
dimensions shrink at elevated tem- 
peratures. Therefore, the measured 
power in the preliminary series (in- 
spected at 20°C) should be consistent- 
ly higher than the power measured 
for the final series (inspected at 
33?C). This still does not account for 
the wide scatter of refractive data and 
high astigmatism observed in the pre- 
liminary series. Corneoscopy and cor- 
neal topography mapping have indi- 
cated that the corneal surface blends 
smoothly from the periphery of the 
cornea into the modified curvature 
anterior to the ICL. The size of the 
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transition zone was found to be depen- 
dent on the implant power, as indi- 
cated by the two topography maps 
presented above. As ICL power 
increases, the effective optical zone on 
the corneal surface decreases. 

Alignment of the corneal cap over 
the ICL is unique to each surgical case 
because of the variation in the ICL 
center thickness with implant power. 
If the interrupted sutures are pulled 
tightly to ensure good apposition, the 
anterior corneal curvature may - 
unpredictably flatten with posterior 
corneal displacement. With the pre- 
liminary series, undercorrection was 
thought to be due to the tightness of 
sutures and the resultant irregularity 
of the corneal surface, as demon- 
strated by the high degree of postop- 
erative cylinder. In another series (B. 
E. McC, M. B. McD., B. S., and G. v. R., 
unpublished data, 1986) loose running 
sutures resulted in the correction 
being approximately that which was 
predicted; however, the ICL position 
shifted and extruded in three of the 
five cases. 

The refractive results in the final 
series demonstrated a slight overcor- 
rection with 5.5- and 11.9-D sets and a 
slight undercorrection with the 19.5-D 
sets (10.3%). An insignificant hyper- 
opic shift was noted in the eyes that 
underwent sham operation in the 
study. The long-term stability data 
presented in Fig 2 compared similarly 
with earlier reports by Beekhuis et al? 
and Werblin et al,? where stability 
was achieved by 12 to 16 weeks post- 
operatively. The predicted refractive 
corrections in the final series of hydro- 
gel ICLs ranging from 11.0% overcor- 
rection to 10.3% undercorrection were 
better than those published in the re- 
cent literature. Beekhuis et al’ re- 
ported on a series of hydrogel ICLs 
with a linear regression correlation co- 
efficient of .74 when plotting predicted 
vs actual refraction in a series of 14 
eyes. The poor correlation in this 
experiment may have been related to 
the limited range of ICL powers at- 
tempted (5.2 to 12.3 D intended). Wer- 
blin et a? implanted a series of seven 
myopic ICLs (with a range of —5 to —20 
D intended) and measured a correla- 
tion coefficient of .81 when plotting 
predicted vs achieved refraction mea- 
sured by corneoscopy. 

Keratometry underestimated the 
change in refraction even though 
there was a good correlation between 
keratometry and retinoscopy. Three 
factors are responsible in part for this 
lack of correlation. (1) The keratomet- 
er is calibrated with a refractive index 
so that the keratometer value repre- 
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sents the average of the anterior and 
posterior surface powers. Extensive 
alteration of anterior to posterior cor- 
neal curvature changes the relation- 
ships assumed by the keratometer. 
This results in keratometry errors 
after keratorefractive surgical proce- 
dures." (2) The keratometer does not 
take into account the effect of the ICL 
within the cornea. The implant has a 
slightly higher refractive index than 
the cornea, resulting in a measurable 
stroma/lens interface power. (3) 
Improper centering of the keratomet- 
er image over the ICL may result in 
quantitative errors. Problems in cor- 
relating keratometry with refractive 
changes have been noted by other 
authors after keratorefractive sur- 
gery procedures." 

There may be physical limitations 
for steepening of the cornea based on 
the preoperative corneal curvature, as 
described by Barraquer.' His conclu- 
sions were based on experiences with 
human corneas that have an average 
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anterior corneal radius of 7.8 mm. The 
typical preoperative monkey corneal 
radius was 6.3 mm. The relationship 
between dioptric power and radius of 
curvature is asymptotic. At smaller 
radii, a small change in the radius of 
curvature results in very large 
increase in dioptric power. Therefore, 
the smaller the corneal radius, the 
more difficult it is to control the 
refractive correction in both range 
and accuracy. 

In conclusion, the ICLs implanted in 
this study were well tolerated in cor- 
neas for periods of up to two years; 27 
of 33 implants were technically suc- 
cessful. The intracorneal lens tech- 
nique evolved over the course of these 
experiments and was shown to influ- 
ence significantly the refractive out- 
come. The most desirable surgical 
technique for primates was found to 
include a microkeratome lamellar dis- 
section to allow for natural reconfor- 
mation of the corneal cap over the 
implant, a pediatric microkeratome 
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ring to accommodate the smaller pri- 
mate eye, an interrupted suturing pat- 
tern that allows for selective suture 
removal capabilities in the early post- 
operative period, an intraoperative 
keratometer to allow correction of cyl- 
inder created during suturing of the 
corneal cap, and a single lens suture to 
prevent ICL movement and disloca- 
tion in the early postoperative period. 
The final implantation series of 
hyperopic hydrogel intracorneal im- 
plants achieved predictable refractive 
alterations. 
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Use of the Carbon Dioxide Laser in the 
Drainage of Subretinal Fluid 


J. Mark Engel, MD; Norman P. Blair, MD; David Harris, PhD; Daniel S. Baker 


e Hemorrhage and retinal perforation 
are two sight-threatening complications 
associated with techniques employed to 
drain subretinal fluid in rhegmatogenous 
retinal detachment. We hypothesized that 
the carbon dioxide (CO;) laser would 
reduce these complications because of 
its cauterizing action and high absorption 
in water. The CO, laser was compared 
with a conventional technique of using a 
penetrating diathermy electrode to drain 
subretinal fluid in rabbits with experimen- 
tally detached retinas. No hemorrhage 
occurred in 223 drainage trials using the 
CO, laser, whereas hemorrhage occurred 
in 21 (4.896) of 434 trials using the pene- 
trating diathermy electrode. Furthermore, 
a depth of saline of only 45 um protected 
the retina from perforation at CO, laser 
dose adequate for drainage. These 
results indicate that further evaluation of 
the CO, laser in treating human retinal 
detachment is warranted. 

(Arch Ophthalmol 1989;107:731-734) 


" Cra, vitreous, and subretinal 

hemorrhage are potentially dev- 
astating complications of draining 
subretinal fluid in retinal detach- 
ment. Many techniques have been 
used to reduce the possibility of this 
complication, including diathermy,'” 
visualization of choroidal vessels 
under the microscope, and, more 
recently, the argon laser.* However, 
this complication occurs at a rate of 
2% to 8.6% despite these advances." 
Retinal perforation is a less common 
but also potentially sight-threatening 
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complication of draining subretinal 
fluid, occurring at a rate of 0.2% to 
3.3% ©’ If retinal holes are produced, 
they can hinder reattachment of the 
retina. 

The carbon dioxide laser has been 
used in ophthalmology to excise 
lesions of the adnexa, including con- 
genital capillary hemangiomas, chala- 
zions, and papillomas*'^; in vitrectomy 
procedures*'"; and in filtering proce- 
dures for glaucoma." In draining sub- 
retinal fluid, the CO, laser has sever- 
al properties that offer potential 
advantages over previous techniques. 
First, it cauterizes as it cuts. Thus, it 
has the potential to close small cho- 
roidal vessels. In conventional tech- 
niques, choroidal vessels usually must 
be avoided to prevent hemorrhage. 
Second, CO, energy is absorbed by 
thin layers of aqueous solution. 
Therefore, the subretinal fluid should 
protect the retina from damage dur- 
ing drainage. This contrasts with 
argon laser light,^ which does pene- 
trate fluid layers and thus can 
produce retinal damage. Accordingly, 
these advantages of the CO, laser 
were evaluated in an animal model. 


MATERIALS AND METHODS 
Stage 1 


We determined the ability of the CO, 
laser to drain without hemorrhage and 
compared these results with those 
obtained with a conventional technique 
using a diathermy needle. Rhegmatoge- 
nous retinal detachments were made in 13 
eyes of seven Dutch belted rabbits. The 
eyes were dilated with 5% homatropine 
hydrobromide. The rabbits were then anes- 
thetized with a combination of ketamine 
hydrochloride (50 mg/kg intramuscularly) 
and pentobarbital sodium (12.5 mg/kg 
intravenously). A limbal peritomy was 
performed for 360°, and the conjunctiva 


was dissected to expose the sclera. An 
infusion cannula was placed through the 
pars plana, secured by suture onto the 
sclera, and connected to a container of 
0.9% sodium chloride. A 3-mm incision 
was then made approximately 4 mm poste- 
rior to the limbus, and phacoemulsification 
(Cavitron, Irvine, Calif) was used to 
remove the lens. The vitreous was then 
removed with a full-function vitrectomy 
instrument (DKS, CooperVision, Irvine, 
Calif). By gently hitting the retina with the 
vitrectomy instrument, retinal breaks 
were made that rapidly led to large retinal 
detachments. These were visualized 
through the operating microscope using a 
contact lens. 

A CO, laser (Minnesota Laser Portalase 
200) with a 150-mm focal length was used. 
To maximize the cauterizing action of the 
laser and reduce the incidence of hemor- 
rhage, the laser was modified to produce 
power outputs as low as 0.1 W. The voltage 
across the optical resonant cavity was 
decreased, thereby decreasing the power 
output. This lower power output was cali- 
brated using an optical radiometer (Coher- 
ent, Palo Alto, Calif). 

Perforations for drainage were made 
with the CO, laser in the following manner. 
The laser was focused on the surface of 
full-thickness sclera by touching a 1.5-cm 
probe located at the end of the laser hand- 
piece to the sclera. A visible red helium- 
neon laser beam emanating from the hand- 
piece marked the area on the sclera in 
which the CO, laser radiation was focused. 
Laser applications were visualized with an 
operating microscope. The power was 
varied between 0.2 and 1.1 W, the duration 
of each laser application was kept constant 
at 0.5 s, and the spot size was 110 um. The 
number of pulses (number of times the CO, 
laser was applied at the above settings) 
needed for drainage of subretinal fluid and 
the incidence of hemorrhage were re- 
corded. Hemorrhage was recorded if blood 
was seen coming out of the drainage hole 
during the drainage procedure or if evi- 
dence of choroidal hemorrhage was seen 
under a stereomicroscope when the eye 
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was dissected. Drainage holes were made 
at regularly spaced intervals approximate- 
ly 4 mm apart. | 

After ten to 20 perforations were pro- 
duced by the CO, laser, holes for drainage 
were then made on the same eye using a 
penetrating diathermy electrode that was 
not connected to the diathermy machine. 
The sclera and choroid were perforated 
with the diathermy electrode under visual- 
ization of the operating microscope in reg- 
ularly spaced intervals approximately 3 
mm apart. The incidence of hemorrhage 
was recorded. The same technique was 
used on the second eye of each rabbit 
except that the diathermy electrode was 
used first, followed by the CO, laser. 

Immediately after the animals were 
killed, the eyes were removed, opened, and 
visualized under a stereomicroscope. They 
were inspected for the presence of hemor- 
rhage. The sizes of the holes on the inner 
surface of the eye with the pigment epithe- 
lium and choroid attached were recorded 
using a reticule. To determine the effect of 
CO, laser applications on surrounding tis- 
sues, several sections of sclera with drain- 
age holes were prepared for histopatholog- 
ic examination. Selected pieces of tissue 
were placed in Trump's fixative, dehy- 
drated in graded alcohols, embedded in 
paraffin, sectioned at 5 um, and stained 
with hematoxylin-eosin. They were then 
examined by light microscopy. 


Stage 2 


We then determined the depth of saline 
needed to absorb enough of the laser 
energy to prevent retinal perforation. Six 
enucleated eyes from three Dutch belted 
rabbits were used. Immediately after enu- 
cleation the retinas were dissected and 
covered with various depths of 0.9% NaCl. 
The depth of saline was determined as 
follows (Fig 1): (1) A portion of retina was 
placed on a glass slide. (2) Two sets of glass 
coverslips, each measuring 15 um in thick- 
ness (determined by a micrometer), were- 
placed on the retina separated by a dis- 
tance of approximately 1 cm. (3) The space 
between the two sets of coverslips was 
filled with 0.9% NaCl. (4) A coverslip, also 
15 um in thickness, with a hole in the 
center measuring 4 mm in diameter (pro- 
duced by the CO, laser), was then placed on 
top of the two sets of coverslips. By varying 
the number of coverslips, various depths of 
saline could be established over the reti- 
na. 
A CO, laser (Laser Sonics LS 870) with a 
focal length of 150 mm was used. The 
handpiece was attached to a micromanipu- 
lator and positioned directly over the hole 
in the top coverslip. The dose varied 
between 2000 and 25000 J/cm’. These doses 
were produced with the following settings: 
a pulse of 0.1 s, a spot size of 110 um, and 
powers between 2 and 25 W. The retina was 
then examined under a stereomicroscope 
to determine whether the retina had been 
perforated by the CO, beam. 


Statistical Analysis 


The data regarding the occurrence of 
hemorrhage using the CO, laser or the 
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Fig 1.—Schematic of method used to determine depths of saline covering retina in stage 2. 





Fig 2.—Representative light micrograph of carbon dioxide laser-produced perforation illustrating 
marked thermal damage around drainage site giving sclera homogeneous, thickened appear- 
ance. External.sclera is at top (dose used, 3160 J/cm*; hematoxylin-eosin, original magnification 
X75). 


penetrating diathermy electrode were ana- 
lyzed using the x? statistic. Adjustment 
was made for the possible effect of using 
different rabbits and different eyes on the 
occurrence of hemorrhage using the Coch- 
ran-Mantel-Haenszel statistic.” 


RESULTS 
Stage 1 
' ! | 

Subretinal fluid drainage was 
obtained without hemorrhage in all 
228 trials with the CO, laser at powers 
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: Fig ; 3 Relation of carbon dioxide laser power needed to produce retinal perforation to thickness 
“of aqueous solution through which beam must pass. At given dose and depth of saline, four trials 


were undertaken. Square denotes when no retinal perforation was seen in any of the four trials; 
cross, when perforation was seen in at least one trial. 


less than 1 W. This corresponded to a 
dose per application of laser (dose per 
pulse) of 1100 to 4700 J/cm’. Hemor- 
rhage occurred only when the power 
vas increased to greater than 1 W ora 
| dose per pulse greater than 5300 J/cm’ 
— o was administered. Hemorrhage oc- 
curred in two of seven trials at a dose 
~~ -per pulse of 5800 J/cm’, whereas hem- 
~- . orrhage occurred in none of the 223 
trials with a dose per pulse of 4700 
—. d/em?. The number of applications 
needed to produce drainage ranged 
between one and 12, with an average 

of 3.4 + 1.8. 
The internal size of the perforations 
was found to vary between 50 and 100 
um in diameter, with the majority 
measuring approximately 70 um. The 
- rate of drainage was not measured 
quantitatively. However, when the 
ose per pulse was equal to or less 
-than 4700 J/cm’, the rate of drainage 
S approximately the same rate as 
when the diathermy probe was used. 
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Light microscopy of the sclera sur- 
rounding CO, laser-produced perfora- 
tions revealed marked coagulation 
and thiekening of the edges of the 


perforations (Fig 2). 


When the penetrating diathermy 
electrode was used to produce drain- 
age, hemorrhage occurred in 21 (4.8% ) 
of 434 trials. The results using the two 
techniques are compared in the 
Table. 

The difference in the incidence of 
hemorrhage between the two tech- 
niques, 0% for the CO, laser at doses 
below 4700 J/em? and 4.8% using the 
diathermy electrode, was highly sig- 
nificant (x^ 11.1, P«.001) There 
was no indication that the effect of 
using different rabbits, the effect of 
using different eyes, or the sequence 
of method of drainage was significant. 
However, even after adjusting for the 
possibility of these effects using the 
Cochran-Mantel-Haenszel statistic, 
the association between type of sur- 


trode. (P. «.001).. 


normal saline ¢ as shallow as 45 um in. 
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Figure 35 summarizes the rilato 
the CO, laser power needed to produce 
perforation to the thickness of aque- 
ous solution through which the beam - 
must pass. For example, at a thick- . 
ness of saline of 45 um, a dose of 6310 
J/cm? was needed to perforate the 
retina. At a dose of 5260 J/cm’, the- 

45-um thickness of saline absorbed - 
enough energy to protect the retina . 
from perforation. This is above the 
maximum dose, 4700 J/cm?, used in 
stage 1 to produce transscleral perfo- 
rations without inducing hemorrhage. 
Even at 9470 J/cm? a width of saline of 
only 90 um protected the retina from 
perforation. 


COMMENT 


The CO, laser differs from the 
argon and neodymium-Y AG lasers in — 
that the wavelength it emits, 10.6 um, 
is absorbed in all layers of the eye, | 
especially those with high water con- 
tent such as the vitreous and cornea. 
Those tissues with a high water con- 
tent absorb this energy with high 
efficiency; 99% of the radiation is 
absorbed within a distance of 100. 
um. This property has allowed the 
CO, laser to be used in ophthalmic 
surgery as an adjunct to vitrectomy | 
procedures," in filtering procedures. 
for glaucoma," and in the excision of - 
extraocular lesions.*'© The present — 
experiment demonstrated that these 
absorption characteristics give the 
CO, laser several advantages in the 
drainage of subretinal fluid. 

Miller and associates" and Karlin 
et al“ first demonstrated that blood- 
less dissection of the sclera is attain- - 
able with the CO, laser. They also- 
noted that at lower power outputs and 
longer pulse durations, the hemostatic | 
effect of the CO, laser increases pro-. 
portionately. By modifying the CO; 
laser used in this experiment to 
reduce the power output to less than 1 
W and by using a long pulse length 
(0.5 s), thermal damage to surround- 
ing tissues is increased, thus maxi- 
mizing the hemostatic effect. Using. 
these low power outputs, we produced - 
transcleral drainage holes in 223 tri- 
als without hemorrhage in living, 
anesthetized rabbits. This contrasted- 
significantly with an incidence of sub- 
retinal hemorrhage i in 21 (4.8%) of 434. 
trials using a ce nventional technique - 
with à penetrating. diathermy elec- 
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depth protected the retina from perfo- 
ration at energy levels sufficient to 
produce transscleral holes (3160 to 
4700 J/cm?). Actually, the thickness of 
subretinal fluid needed to protect the 
retina during drainage of subretinal 
fluid is even less, as much of the 
energy is already absorbed by the 
sclera before reaching the subretinal 
fluid. This is in contrast to con- 
ventional techniques that involve per- 
forating the choroid with a solid, 
pointed object, such as a diathermy 
electrode. The incidence of retinal 
perforation in these procedures has 
been reported to be as high as 3.3%.° 
Although the argon laser does not 
penetrate the choroid with a solid 
object, the energy is not attenuated 
significantly by transparent aqueous 
fluids. Therefore, perforation of the 
retina could occur. This protection 
provided by the CO, laser is signifi- 
cant; if the retina is perforated during 
the drainage procedure, additional 
steps may be necessary to close this 
break, and in some cases the retina 
may not reattach. 

In this experiment, we did not per- 
form a sclerotomy to expose the cho- 


roid before using the CO, laser or the 


penetrating diathermy electrode to 
drain. Although some surgeons do not 
perform a sclerotomy to expose the 
choroid,'*" most do. This is to better 
visualize the choroidal vessels and 
thus minimize the risk of choroidal 
hemorrhage.??!*? Despite this precau- 
tion, subretinal hemorrhage with 
mechanical perforation is reported in 
the literature at an incidence of 2% to 
4.875 ^5" This rate was 8.6% with the 
argon laser. We obtained a 0% inci- 
dence of hemorrhage with the CO, 
laser even though we did not perform 
a sclerotomy before perforating the 
choroid. With transillumination? to 
identify large choroidal vessels, the 
sclerotomy step in the drainage of 
subretinal fluid may prove an unnec- 
essary precaution in avoiding hemor- 
rhage if the CO, laser is used. 

One potential disadvantage of the 
CO, laser is the slightly larger perfo- 
rations (50 to 100 um) compared with 
those after drainage with the pene- 
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trating diathermy electrode (40 to 50 
um). Many investigators have used 
needles larger than the diathermy 
probe we  used.*? Theoretically, 
smaller perforations would reduce the 
rate of escape of subretinal fluid. This 
would be expected to increase the 
chance of complete evacuation of sub- 
retinal fluid and decrease the inci- 
dence of incarceration, retinal break 
formation, and loss of liquid or 
formed vitreous. We did not observe 
any difference in the rates of drainage 
between the two techniques qualita- 
tively, but a quantitative analysis was 
not undertaken. Additional studies 
would be needed to demonstrate that 
these complications would be reduced 
by using a smaller perforation. Small- 
er perforations can be obtained with 
models of the CO, laser that have 
smaller spot sizes (eg, Minnesota 
Laser Portalase 200 with the 50-um 
handpiece). With these smaller spot 
sizes the power output would have to 
be decreased to maintain the same 
power density. 

There may be limitations to the 
extent that these results may apply to 
human patients. For example, the 
thickness of the human sclera is not 
the same as that of rabbits. Accord- 
ingly, the power necessary to produce 
perforations and the depth of subreti- 
nal fluid necessary to protect the reti- 
na may be somewhat different. How- 
ever, our results indicate that further 
evaluation of the CO, laser in treating 
human retinal detachment is warran- 
ted. 
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Biodegradable Mechanical Retinal Fixation 


A Pilot Study 


Karl R. Olsen, MD; Jean-Marie Parel, Ing ETS-G; William Lee; Eleut Hernandez; Steven J. Fliesler, PhD 


e Mechanical retinal fixation is a useful 
tool in the armamentarium of vitreoretinal 
surgeons. Unfortunately, the use of metal- 
lic retinal tacks on a permanent basic 
mandates a retained intraocular foreign 
body that poses some potential for long- 
range toxic effects. Herein, we report the 
results of our initial experience with a 
temporary, biodegradable mechanical 


- retinal fixation device (‘‘biopin’’) in rab- 


bits. When compared with metallic tacks, 
the biopins appeared to be well tolerated 
intraocularly, with minimal damage de- 
tectable at the light microscopic level. 
Disinsertion of the biopins occurred in 
46% of the eyes within two weeks and in 
all eyes by four weeks. Initial signs of 
degradation of the biopins were observed 
at six weeks (median) in the lensectom- 
ized / vitrectomized eyes and at 12 weeks 
(median) in the nonvitrectomized eyes. 
Differences were found in the occurrence 
of retinal detachment between animals 
that underwent lensectomy/ vitrectomy 
with insertion of two metallic tacks and 
animals that underwent insertion of one 
biopin without vitrectomy. The biopin has 
a potential as a vehicle for sustained 
release of pharmacologic agents to inhibit 
directly the development of vitreoretinal 
proliferation, thereby retarding or pre- 
venting subsequent retinal traction and 
detachment. 
(Arch Ophthalmol 1989; 107:735-741) 
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echanical retinal fixation has 

become an area of active research 
as a means of reattaching retinas that 
are unable to be reattached in any 
other way. The pioneering work in the 
use of metallic and plastic retinal 
fixation devices has established the 
usefulness of metallic retinal tacks in 
advanced vitreoretinal surgery. The 
use of these tacks has resulted in the 
preservation of useful vision in many 
patients.'? Unfortunately, despite the 
ability to fixate the retina mechani- 
cally during formation of the chorio- 
retinal adhesion, many retinas will 
redetach due to proliferation and con- 
traction of infiltrating cellular ele- 
ments.'^^ The suppression of these 
cellular events to reduce the incidence 
of redetachment further has been 
advocated by many investigators" ^ 
but has not, as yet, been used widely 
due to technical difficulties with drug 
delivery. The desire to obtain mechan- 
ical fixation of the retina with desir- 
able chorioretinal scarring and with 
the potential for local, sustained 
release of antimetabolites and ste- 
roids to inhibit proliferative vitreo- 
retinopathy has promoted the devel- 
opment of a biodegradable retinal fix- 
ation device or “biopin.” Such a device 
provides mechanical retinal fixation 
during the process of chorioretinal 
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adhesion, has the capability of sus- 
tained drug release," and avoids the 
potential problem of retained foreign 
bodies. It is the purpose of this report 
to outline our initial experience with 
biopins that were implanted in the 
retina and sclera of experimental ani- 
mals. 


MATERIALS AND METHODS 
Biopin Design 


Design of a prototype biopin required 
the evaluation of two major aspects: bio- 
materials and structures. The biopin pre- 
sented in this communication was devel- 
oped from a copolymer polyester derivative 
of lactic and glycolic acids. The biopins 
were designed without barbs*^? in a shape 
similar to their metallic counterparts? that 
were originally designed for temporary 
retinal fixation. The biopins were fabri- 
cated in our laboratory using compression- 
molding technology and inserted with pre- 
viously described instrumentation (Color 
Fig 1). 


Experimental Design 


Nineteen New Zealand white rabbits 
were examined by biomicroscopy and indi- 
rect ophthalmoscopy, and they were found 
to be normal before use in this study. All 
animals were anesthetized with a mixture 
(1:2) of xylazine hydrochloride (7 mg/kg) 
and ketamine hydrochloride (14 mg/kg). 
After obtaining an adequate degree of 
anesthesia, 14 animals were draped in a 
sterile fashion, and a lid speculum was 
inserted in the left conjunctival sac. A 
limbal peritomy was made nasally and 
temporally, and 7-0 sutures (Dexon) were 
preplaced 180° apart nasally and tempo- 
rally, approximately 2 mm posterior to the 
limbus. A 20-gauge needle was then 
inserted through the previously placed 
sutures into the crystalline lens and left 
within the lens temporally. The lens was 
then ultrasonically fragmented. Next, a 
VISC (OMS, Ine, Danvers, Mass) was uti- 
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Color Fig 1.—Biopin: Compression molded of 
lactide-glycolide copolymers; implant weighs 
0.3 mg, is 0.9 mm in its largest diameter, and 
4.0 mm in length. 


Color Fig 2.—Top, Lensectomized/ vitrecto- 
mized eye with two biopins (arrows) properly 
seated. Note that flange is adjacent to retinal 
surface. Bottom, Lensectomized/ vitrecto- 
mized eye (not same as Color Fig 2, top) after 
insertion of biopins, demonstrating disinser- 
tion of both biopins (arrows) from initial place- 
ment. White retinotomy of initial site of inser- 
tion of lower biopin can be seen at its base. 
Insertion site of upper biopin is not seen in 
photograph. Note also that biopins have lost 
brilliant purple appearance and are more 
opaque, signaling onset of biodegradation. 


Color Fig 3.—This lensectomized/ vitrecto- 
mized eye eight weeks after surgery shows 
complete opacification of one biopin (arrow). 


Color Fig 4.—Top, Traction retinal detach- 
ments of medullary rays 21 weeks after len- 
sectomy/vitrectomy and insertion of two 
biopins (arrows). Bottom, Traction retinal 
detachment of medullary rays 11 weeks after 
lensectomy /vitrectomy and insertion of two 
metallic retinal tacks (arrows).* 


lized to perform a complete vitrectomy. 
Two biopins were then placed inferior to 
the medullary rays on either side of the 
disc at about 1 disc diameter inferior to the 
ray. The inserter and infusion were 
removed, and the sclerotomies were closed. 
The conjunctiva was closed, and gentami- 
cin sulfate ointment (Garamycin) was 
instilled into the conjunctival sac. 

Nine animals were then draped on the 
right eye, and a lid speculum was inserted 
in the right conjunctival sac. A limbal 
peritomy was made temporally, a 7-0 
suture (Dexon) was placed about 3 mm 
. posterior to the limbus, a 20-gauge sclerot- 
*- omy was then created, and a single biopin 
was inserted without lensectomy/vitrecto- 
my through the formed vitreous humor 
into the retina, choroid, and sclera inferior 
to the optic disc at about 1 disc diameter. 
The inserter was removed, the sclerotomy 
and the conjunctiva were closed, and gen- 
tamicin ointment was applied to the corne- 
al surface. All animals were allowed to 
recover from their anesthesia before being 
returned to their cages. 

Five animals were utilized as controls 
for the experiment. All five animals under- 
went lensectomy/vitrectomy in the above- 
mentioned manner in the left eye. Three of 
the animals had insertion of two metallic 
tacks’ in the same general way that the 
biopins were inserted. Two animals had 
lensectomy/vitrectomy alone and received 
no retinal tacks of any type. 

Following surgery, all animals were fol- 
lowed with slit-lamp biomicroscopy, fun- 
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Top graph shows incidence of disinsertion events of biopins as function of time in both 
lensectomized / vitrectomized and nonvitrectomized eyes. Middle graph shows onset of biodeg- 
radation of biopins as function of time. Note that, in general, biodegradation begins earlier in 
lensectomized / vitrectomized eyes. Bottom graph shows onset of retinal detachment in biopin and 
control animals as function of time. Lens /Vit/2 Biopins represent lensectomy, vitrectomy, and 
insertion of two biopins. Non-Vit/ 1 Biopin represents nonvitrectomized animals with one biopin 
inserted. Metallic tacks represents control animals with two metallic Bascom Palmer Eye Institute, 


Miami, tacks present.* 


dus indirect ophthalmoscopy, and fundus 
photography weekly for the first month, 
then monthly thereafter. Animals were 
killed for histopathologic evaluation at 
various time intervals. For eyes that did 
not undergo vitrectomy, one animal was 
killed at each of the following times: 1, 
three, 16, 21, 30, and 49 weeks. Three 
animals were killed at 11 weeks. For ani- 
mals having undergone lensectomy/vitrec- 
tomy and insertion of two biopins, one 


animal was killed at each of the following 
times: 1, 3, 4, 7, 8, 14, 16, 17, 21, 30, and 49 
weeks. Three animals were killed at 11 
weeks. The control animals that contained 
metallic tacks were killed at 3, 13, and 20 
weeks. The lensectomy/vitrectomy control 
animals were killed at 22 and 39 weeks. All 
eyes were enucleated and fixed overnight 
in 5% glutaraldehyde, buffered with 0.1 
mol/L sodium phosphate (pH, 7.4). Some 
eyes underwent processing for plastic 
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Color Fig 5.— Top, Low-power view of area of 
biopin placement in nonvitrectomized eye 21 
weeks after insertion. Epiretinal proliferations 
(arrows) are seen to extend into vitreous 
cavity (V) from cellular capsule (arrowheads), 
that demarcates site of biopin insertion. Biopin 
material has been lost during tissue process- 
ing (hematoxylin-eosin [HE], original magnifi- 
cation X4). Center, Higher power view of 
same eyes as in Color Fig 5, top, shows 
cellular capsule (arrowheads) and abrupt 
cytologic change between adjacent retina (R) 
and site of biopin insertion. Disruption of retina 
away from wound area is artifactual. S indi- 
cates sclera (HE, original magnification X40). 
Bottom, High-power view of retina in area 
adjacent to that shown in Color Fig 5, center. 
Note normal stratification and cytologic 
appearance of retina (HE, original magnifica- 
tion X40). 


Color Fig 6.—Top, Low-power view of lensec- 
tomized / vitrectomized eye three weeks after 
insertion of two biopins. Note development of 
well-formed capsule at insertion sites, but 
absence of extensive epiretinal proliferation. 
Retina between biopins exhibits normal strati- 
fication and cytologic appearance (hematoxy- 
lin-eosin, original magnification X2). Bottom, 
Higher power view of capsule in same speci- 
men shown in Color Fig 6, top. Note abrupt 
change between normal retina (R) and cellular 
capsule (arrowheads) (hematoxylin-eosin, 
original magnification X40). V indicates vitre- 
ous Cavity. 


Color Fig 7.—Top, High-power view of area 
adjacent to biopin placement in lensectom- 
ized/vitrectomized eye 49 weeks after initial 
placement. Note extensive epiretinal prolifera- 
tion and retinal folds (hematoxylin-eosin, orig- 
inal magnification X40). Bottom, High-power 
view of retina adjacent to area shown in Color 
Fig 7, top. Retina exhibits normal stratification 
and cytologic appearance (hematoxylin-eosin, 
original magnification X40). 


embedment (Araldite), followed by sec- 
tioning and examination by electron 
microscopy. The remaining eyes were 
embedded in paraffin, sectioned, stained 
with hematoxylin-eosin, and examined by 
light microscopy. 

Although the lensectomy/vitrectomy 
two-biopin treatment was paired with the 
single-biopin treatment in the opposite 
eyes of nine animals, for five more ani- 
mals, the lensectomy/vitrectomy two-bio- 
pin treatment was used with no treatment 
in the opposite eye. To make use of all the 
data, two sample tests were used to com- 
pare these treatments. Times to disinser- 
tion, degradation, and retinal detachment 
were compared using the Kaplan-Meier 
survival method with the log-rank test. 

All animals were housed and treated in 
accord with the Association for Research 
in Vision and Ophthalmology Resolution 
on the Treatment of Experimental Ani- 
mals. 


RESULTS 
Biomicroscopic Evaluation 


Biomicroscopic evaluation of the 
animals, following insertion of the 
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biopins, revealed that immediately 
after insertion of the biopins, the 
flange was adjacent to the retinal 
surface (Color Fig 2, top). On subse- 
quent evaluations, however, it was 
noted that one or both of the biopins 
tended to back out of their initial 
insertion sites toward the vitreous 
cavity (Color Fig 2, bottom). The ini- 
tial sign of this movement of one or 
both biopins was considered the time 
of disinsertion for statistical pur- 
poses. After one week, the cumulative 
proportion of biopins that remained 
in place was 86%; after two weeks, it 
dropped to 54%; at three weeks, it was 
32%; and by four weeks, all the bio- 
pins in the eyes still under observa- 
tion had disinserted. There was no 
difference between vitrectomized and 
nonvitrectomized animals when com- 
paring the timing of the disinsertion 
event (Figure). 

Following disinsertion of biopins, 
the originally brilliant blue-purple 
color of the biopin began to fade and 
its distinct borders tended to become 
slightly fuzzy, with eventual opacifi- 
cation and whitening of the biopin 
(Color Fig 3). The first noticeable 
change in color or margins of the 
biopin was used as the onset of bio- 
degradation for statistical purposes, 
and the time to degradation was com- 
pared in the two biopin groups. The 
time to degradation was significantly 
shorter in the lensectomy/vitrectomy 
two-biopin group (median, six weeks) 
than in the one-biopin group (median, 
12 weeks) (P = .039). All eyes that 
showed this degradation phenomenon 
had shown previous disinsertion of a 
biopin in both vitrectomized and non- 
vitrectomized eyes. However, in the 
nonvitrectomized eyes, the median 
time between disinsertion and biodeg- 
radation was ten weeks, whereas the 
median time for these processes to 
occur was three weeks in the lensec- 
tomized/vitrectomized eyes. The dif- 
ference between these two time inter- 
vals is significant (P = .036) (Figure). 
When one followed eyes out to 49 
weeks, there was a total failure to 
identify any part of the biopin in the 
lensectomized/vitrectomized eyes, 
whereas in the nonvitrectomized eyes, 
one could see opaque white fragments 
of the head and shaft. 

Retinal detachments occurred in 
one nonvitrectomized eye and five len- 
sectomized/vitrectomized eyes with 
biopins present (Figure). All of these 
detachments were tractional in na- 
ture, involving the medullary rays. 
The only detachment in a nonvitrec- 
tomized eye was in an eye that had 
placement of the biopin exceedingly 


close to the nerve. This eye had a 
retinal detachment by the second 
week. In the lensectomized/vitrecto- 
mized eyes, one animal developed a 
retinal detachment at three weeks. 
This animal had a massive vitreous 
hemorrhage during the original sur- 
gery, obscuring fundus details before 
the development of the detachment at 
three weeks. The other four animals 
in the lensectomy/vitrectomy group 
that developed detachments also had 
evidence of residual lens cortex and a 
mild amount of vitreous blood associ- 
ated with their procedure. 

Five eyes underwent lensectomy/ 
vitrectomy and served as controls. Two 
of these eyes had no further manip- 
ulation and remained attached. Three 
of these eyes underwent lensecto- 
my/vitrectomy with insertion of two 
metallic retinal tacks? in a position 
similar to the biopin placement. In this 
group, two of the three animals devel- 
oped minimal tack disinsertion that 
was followed by retinal detachments 
involving the medullary rays by the 
third week. One animal underwent 
complete tack disinsertion by the end 
of week 1, with subsequent retinal 
detachment by week 13 (Figure). Color 
Figure 4 shows typical retinal detach- 
ments in association with retinal bio- 
pins (Color Fig 4, top) and the metallic 
tacks (Color Fig 4, bottom). 

When we compared the time to 
detachment in the three groups, ie, 
one biopin, two biopins with lensecto- 
my/vitrectomy, and two metal tacks 
with . lensectomy/vitrectomy, we 
found them significantly different 
(P = .038). While the time to detach- 
ment in the one-biopin group (12.5% 
at 13 weeks) was longer than in the 
metal tack group (all three detached 
by 13 weeks), it was not clear what the 
relative contributions of metal tack vs 
biopin and _ lensectomy/vitrectomy 
are. The two-biopin lensectomy/ 
vitrectomy group had 52% detach- 
ment at 13 weeks. 


Histopathologic Results 


Evaluation of the nonvitrectomized 
eyes with light microscopy revealed 
an abrupt change between a cytologi- 
cally normal-appearing retina and the 
biopin insertion site. Three weeks fol- 
lowing the insertion of the biopin, a 
well-developed capsule was found that 
lined the inner aspect of the scleral 
defect caused by pin insertion. This 
capsule appeared to be similar in 
cellular makeup to that previously 
reported to be associated with titani- 
um retinal tacks? The capsule had 
cellular elements that resembled 
metaplastic retinal pigment epithelial 
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cells and glia interspersed within a 
collagenous extracellular matrix. It 
was avascular despite traversing 
the vascular choroid. In the nonvi- 
trectomized eyes, numerous chronic 
inflammatory cells were found 
throughout the capsule at three 
weeks. At 21 weeks, the number of 
chronic inflammatory cells was 
reduced, and the reactive capsule was 
thinner, but the abrupt change from a 
normal-appearing retina to the site of 
biopin insertion remained. Vitreous 
strands to the insertion site were seen 
in most specimens, and the adjacent 
retina had a normal cytologic appear- 
ance and architecture adjacent to the 
biopin in all specimens (Color Fig 5). 

The lensectomized/vitrectomized 
eyes exhibited a similar reactive cap- 
sule at the biopin insertion site by 
four weeks. Chronic inflammatory 
cells were seen in this capsule, but 
minimal, if any, epiretinal prolifera- 
tion was observed (Color Fig 6). By 11 
weeks, the reactive capsule exhibited 
fewer inflammatory cells, and epithe- 
lial proliferation was present in all 
specimens. At 49 weeks, a well-orga- 
nized  epiretinal membrane was 
present between the biopin capsules. 
The capsule, by 49 weeks, had become 
much thinner, and many fewer 
inflammatory cells were present. The 
adjacent retina appeared to be normal 
at the light microscopic level (Color 
Fig 7), except in those specimens that 
had experienced tractional detach- 
ments. 

Transmission electron microscopy 
of the capsule at 31 weeks (data not 
shown) revealed the presence of poly- 
morphous fibroblasts that were inter- 
spersed in a collagenous extracellular 
matrix. Macrophagelike cells tended 
to form a monolayer that lined the 
lumen of the capsule. Some of these 
cells had a relatively pale cytoplasm 
that contained inclusions and gran- 
ules. 


COMMENT 


Our initial studies on the tolerance 
of biopins within rabbit eyes have 
resulted in several findings. Following 
implantation of the biopin, it under- 
goes disinsertion. This occurs in both 
nonvitrectomized and lensectomized/ 
vitrectomized eyes, and it may repre- 
sent what previously has been called 
intrusion of retinal tacks in humans.” 
Disinsertion occurs during the same 
time period in both of these groups 
and, hence, appears to be a process 
that is independent of the presence of 
the vitreous humor. Combined biomi- 
eroscopic and histologic evaluations 
revealed that, early in the course fol- 
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lowing implantation of the biopin, 
there is little epiretinal proliferation 
on the surface of the biopin. However, 
a reactive capsule develops around the 
biopin soon after its implantation. 
Therefore, we speculate that the dis- 
insertion phenomenon may be a result 
of a contraction of this reactive cap- 
sule rather than a contraction of epi- 
retinal membrane. Epiretinal prolif- 
eration occurs much later than would 
be expected to be a causative factor in 
the disinsertion process. The current 
biopin design does not involve barbs 
(Color Fig 1). The presence of such 
barbs might decrease the incidence of 
disinsertion. 

A study of the biodegradation of the 
biopin material has been carried out 
previously in the peritoneal cavity (R. 
Lingua, MD, oral communication, July 
22, 1986). The polymer gradually 
undergoes hydrolysis to natural by- 
products, including lactic acid, glycol- 
ic acid, carbon dioxide, and water. 
Glycolic acid polymers (PGA) were 
introduced commercially (American 
Cyanamid Co, Wayne, NJ) in 1970 as a 
suture (Dexon). The copolymer of gly- 
colic and lactic acid was marketed 
(Vieryl, by Du Pont Pharmaceuticals, 
Wilmington, Del) in 1975.? When one 
takes the same ratio of copolymers of 
polylactic and glycolic acids used in 
this study and evaluates the disap- 
pearance of the material with time 
inside the eye, one sees that the degra- 
dative processes that may occur dur- 
ing a period of eight to 12 weeks 
subconjunctivally? and 13 to 26 weeks 
in the peritoneal cavity (R. Lingua, 
MD, oral communication, July 22, 
1986) appeared to proceed much more 
slowly within the eye. In the nonvi- 
trectomized eyes, remnants of the bio- 
pin were seen as long as 49 weeks 
after implantation, whereas in the 
lensectomized/vitrectomized eyes, 
biodegradation proceeded much more 
rapidly. The initial biodegradation 
event was always preceded by biopin 
disinsertion. However, with time, all 
biopins eventually demonstrated bio- 
degradation. As stated earlier, the 
onset of biodegradation following dis- 
insertion occurred more rapidly in 
those eyes that had undergone lensec- 
tomy/vitrectomy than in the nonvi- 
trectomized eyes. A possible explana- 
tion is that the vitreous humor some- 
how may retard hydrolysis of the 
polymer. The vitreous humor may 
inhibit diffusion of the degradation 
products away from the biopin, caus- 
ing a localized concentration of these 
products that tends to shift the hydro- 
lysis reaction equilibrium in favor of 
polymer retention (ie, lowering the 


hydrolysis rate constant). Another 
possible explanation for this differ- 
ence is the increased inflammation 
associated with the surgical interven- 
tion of lensectomy and vitrectomy. In 
any event, the extent of the inflamma- 
tory response at the site of biopin 
insertion during the biodegradation 
process appears to be relatively 
benign with respect to pathologic 
effects on the surrounding retina. The 
presence of the biopin does not appear 
to damage the adjacent retina, as 
evaluated by light microscopy. 

It is difficult to evaluate the possi- 
ble effect of two biopins in the lensec- 
tomy/vitrectomy group vs one biopin 
in the nonvitrectomy group. We 
assume that the disinsertion or degra- 
dation in the first pin is not affected 
by the second pin. We believe this to 
be the case because no epiretinal pro- 
liferation between the biopins is seen 
until well after the majority of disin- 
sertion and biodegradation events 
have occurred. Even so, taking disin- 
sertion or degradation of the first pin 
as the event may have biased the 
comparison against the lensectomy/ 
vitrectomy group. 

The development of retinal detach- 
ments in the eyes with biopins is seen 
to follow both disinsertion and the 
progressive biodegradation of the bio- 
pins. Retinal detachments were rare 
in the nonvitrectomized eyes, occur- 
ring in only one of nine eyes. In this 
case, the biopin had been inserted in 
the far posterior pole. In all of the 
eyes that underwent lensectomy/ 
vitrectomy and insertion of two bio- 
pins, when retinal detachment oc- 
curred, it was associated either with 
vitreous bleeding or with lens cortical 
remnants that became obvious at the 
time of detachment. Certainly, residu- 
al cortical material and vitreous blood 
are both known to stimulate cellular 
proliferation and increase the inci- 
dence of proliferative vitreoretinopa- 
thy.'^ Perhaps the most convincing 
evidence that retinal detachment is 
not related to biodegradation is illus- 
trated by the control eyes in which 
metallic retinal tacks were implanted. 
All of these eyes ultimately detached, 
two of them within three weeks of 
insertion and one at 13 weeks after 
insertion. None of the eyes of the ani- 
mals that had lensectomy/vitrectomy 
alone detached, suggesting that the 
surgical manipulation is not a factor in 
the incidence of detachment. 

The retinal detachments in both the 


og 


4 


nonvitrectomized (one biopin) and P9 


lensectomized/vitrectomized (two 
biopins) eyes were all tractional in 
nature, involving the medullary rays. 
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. The site of biopin placement was in an 
area of firm chorioretinal adhesion, 
and in no animal, did the retinal 

.  detachment associated with the epi- 
.. retinal proliferation produce enough 
force to rupture the capsule and cre- 
an open retinal break. While the 
st ngth of this capsule may not be as 
rong in a human as it is in the 
rabbit, it does demonstrate the ability 
of the biopin to develop adequate cho- 
. rioretinal adhesion in this experimen- 
tal animal model. 
In conclusion, our results suggest 
that biopins fabricated of polylactic 
and glycolie polymers may be poten- 
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tially suitable for intraocular use. The 
concept of a biodegradable device for 
obtaining mechanical retinal fixation 
without leaving a permanent intra- 


ocular foreign body is technically fea- 


sible. Further development of the bio- 
pin as a vehicle for the introduction of 
pharmacologic agents to prevent the 
cellular events that promote retinal 
detachment will fulfill the purpose for 
which the biopin was conceived.* 
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e Rod outer segments (ROS) have 
been described in the anterior chamber of 
. patients with the Schwartz syndrome (ret- 
-inal detachment, uveitis, and glaucoma). 

The effect of ROS on aqueous outfiow 
'. was studied by intracameral injection of 
. ROS in human eye bank eyes and in vivo in 
the cat. Injection of 10? ROS in eye bank 
eyes (n = 8) caused a 19.7% decrease in 
outflow facility. This was significantly dif- 
-ferent than in control eyes (n = 8), where 
— the outflow facility decreased 5.2%. Injec- 
tion of intracameral ROS in the cat 
resulted in a rise in intraocular pressure 
(IOP) from a baseline of 19.7 + 1.3 mm 
.Hg to a peak of 30.0 + 0.7 mm Hg at 24 
hours. By 48 hours, IOP returned to base- 
line. Control injection did not cause a 
change in IOP. Electron microscopy of the 
cat trabecular meshwork revealed occlu- 
-sion of the intratrabecular spaces by ROS 
with little evidence of inflammatory activi- 
ty. 
= (Arch Ophthalmol 1989;107:742-745) 


T Schwartz syndrome consists of 
.* retinal detachment, increased in- 
traocular pressure (IOP), and uveitis 
without ciliary injection or keratic 
precipitates.'? The pathophysiology of 
the pressure rise is uncertain, but IOP 
returns to normal after repair of the 
detachment. Recently, rod outer seg- 
ments (ROS) have been identified in 
the anterior chamber of patients with 
this syndrome, and it was postulated 
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that they could occlude the trabecular 
meshwork (TM)? Unfortunately, 
there have been no published histo- 
pathologic studies on the TM in this 
syndrome. The purpose of this study 
was to determine if ROS can decrease 
the outflow facility when injected into 
the anterior chamber of human eye 
bank eyes, to determine if ROS can 
induce a pressure rise when injected 
into the cat anterior chamber, and to 
examine the TM to determine the 
cause of the pressure rise. 


MATERIALS AND METHODS 
Preparation of Bovine ROS 


Bovine eyes were obtained within three 
hours after death and immediately placed 
in the dark. The entire purification was 
then carried out in the dark under dim red 
illumination in a technique modified from 
Papermaster and Dreyer.* The anterior 
segment of each eye was removed and the 
retina carefully dissected from the under- 
lying retinal pigment epithelium and 
placed in a sucrose homogenizing solution 
(34% sucrose, 65 mmol/L of sodium chlo- 
ride, 2 mmol/L of magnesium chloride, and 
5 mmol/L of TRIS-acetate buffer, pH 7.4). 
Twenty-five retinas were placed in 25 mL 
of solution and vigorously shaken for one 
minute. The homogenized retinas were 
then centrifuged at 4000 g for four minutes 
and the pellet discarded. The supernatant 
was diluted Z:1 in 10 mmol/L of TRIS- 
acetate (pH 7.4) and the solution centri- 
fuged at 4000 g for four minutes. The 
supernatant was discarded, and the pellet 
containing a crude preparation of ROS was 
resuspended in 9 mL of sucrose solution, 
density of 1.10 g/mL, containing 1 mmol/L 
of MgCl, and 10 mmol/L of TRIS-acetate 
(pH 7.4). This suspension was then over- 
layed on a discontinuous sucrose gradient 
containing 1 mmol/L of MgCl, and 10 
mmol/L of TRIS-acetate (pH 7.4) with 
densities of 1.15, 1.13, or 1.11 g/mL of 
sucrose. The gradient was centrifuged at 
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27000 rpm for 30 minutes (Beckman SW28 
rotor). At the conclusion, the gradient con- 
tained a bright-orange band at the 1.11 and 
1.13 interface. This portion, which con- 
sisted of predominantly pure ROS, was 
removed and diluted 1:2 in 10 mmol/L of 
TRIS-acetate (pH 7.4) and centrifuged at 
7700 g for ten minutes, The pellet was then 
resuspended in 5 mL of sterile physiologic 
irrigation solution and immediately frozen 
in 0.5-mL aliquots at —60?C. The yield was 
approximately 10° ROS per retina. 


Perfusion of Human Eye Bank Eyes 


Eight pairs of whole human eyes (white; 
aged 58 to 86 years; mean, 72 years) do- 
nated through Georgia Lions Eye Bank 
were fitted with the 5-mm corneal perfu- 
sion adaptor described by Grant‘ and per- 
fused with mock aqueous humor (MAH). 
Our MAH composition was based on the 
balanced salt solution of Barany‘ but was 
supplemented’ with amino acids, lactate, 
and glucose and had enough sodium bicar- 
bonate (0.38 mmol/L) to give a stable pH in 
air of 7.4 to 7.5. The concentration of NaCl 
was adjusted to give a final osmolarity of 
300 mOsm. 

Flow through enucleated eyes was 
induced by a hydrostatic pressure differen- 
tial between them and a cup containing 
MAH. This cup was made from the lock-tip 
end of a 30-cc disposable plastic syringe eut 
to a 5-cc volume, with the inverted rubber 
tip of the plunger from the syringe form- 
ing a vapor barrier in the top of the cup. A 
needle hole burned in the plunger tip (va- 
por barrier) allowed air to enter the cup as 
fluid drained into the eye. The cup was 
suspended from the strain gauge lever of a 
universal transducing cell (Gould Statham 
model UC3) with microseale accessory 
(model UL5) and was attached via tubing 
and a system of valves to the perfusion 
adaptor in the cornea. Silastie tubing 
(0.025 x 0.047 in) 
between the cup and three-way miniature 
inert valve. The connection between the 
valve and the perfusion adaptor in the eyes 


Obstruction —Lambrou et al 


provided flexibility . 


y 


* 


we 


Ay 


was made by perfusion tubing 
(0.023 X 0.038 in). The three-way valve 
made it possible to refill the cup from a 
syringe attached to one of the valve ports. 
A dust cover over the strain gauge and cup 
assembly prevented interference by air 
currents. The electrical signal output from 
the strain gauge transducing cell was 
passed in series through a galvanometer 
module (IC-MP) and then through a DC 
servochannel amplifier module (IC-S) of a 
recorder (Gilson model 5/6H). This setup 
allowed the weight loss of 1 uL from the 
cup to produce a 1-mm change on the 
strip-chart paper of the recorder. 

The eyes attached to the perfusion setup 
were placed in a 30-mL beaker on the stage 
of a movable platform, and the beaker was 
filled with saline to the level of the limbus 
on each eye. The exposed cornea was cov- 
ered with moist tissue paper to prevent 
drying during the perfusion. The height of 
the movable platform was used to control 
the perfusion hydrostatic pressure. Initial 
perfusions were done with MAH alone at 
room temperature (23°C) with a pressure 
of 15 mm Hg. After the flow rate became 
constant (usually about five minutes), the 
rate was measured by the slope of the 
record over the next ten minutes. The 
perfusion tubing attached to the perfusion 
adaptor was then disconnected from the 
three-way valve and allowed to hang below 
the eye so the anterior chamber of the eye 
would partially empty. The 0.5-mL aliquots 
containing 10° ROS were thawed and 
immediately centrifuged for 15 s at 12000 
g. All eyes received an injection of 10* ROS 
except pairs 6 and 7, which received 
2X10*. The supernatant was saved for 
injection into the control eye, and the ROS 
were suspended in 50 uL of MAH, giving a 
final volume of 75 uL. The suspended ROS 
were injected into the open end of the 
perfusion tubing attached to the experi- 
mental eye by using a 30-gauge needle and 
a 25-uL syringe with a Teflon plunger. The 
tubing was then reconnected to the three- 
way valve with care to avoid the introduc- 
tion of air bubbles. Perfusion at 15 mm Hg 
with MAH alone was continued until a 
stable flow rate was again obtained. Con- 
trol eyes were treated in the same manner 
but were injected with 75 uL of the super- 
natant from the ROS centrifugation. 


Intracameral Injection of ROS in the Cat 


Adult cats (3 to 4 kg) were utilized in this 
experiment. Baseline IOP was obtained on 
anesthetized cats (intramuscular ketamine 
hydrochloride [15 mg/kg] and xylazine 
hydrochloride [0.6 mg/kg]) using a pneu- 
motonometer (Alcon). After establishment 
of baseline IOP over several days, seven 
cats were anesthetized, and a 26-gauge 
needle was inserted through the cornea 
into the anterior chamber and 0.3 mL of 
aqueous removed. The previously prepared 
ROS were warmed to 37°C, and 0.3 mL 
containing approximately 3 X 10’ ROS was 
injected intracamerally into one eye. The 

-other eye received a control injection con- 
sisting of sterile physiologic irrigating 
solution in which the ROS had been pel- 
leted and removed. 
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Summary of Outflow Facility for Human Eye Bank Eyes* 


Facility, uL /min/mm Hg 
at 15 mm Hg 


—_ OD 


Initial ROS 
0.50 
0.60 
0.43 
0.49 
0.49 
0.62 
0.39 
0.58 
0.65 
0.67 
0.68 
0.64 
0.63 
0.61 
0.50 
0.56 


Control 
1 OD 
10S 
2 OD 
2 OS 
3 OD 
3 OS 
4 OD 
4 OS 
5 OD 
5 OS 
6 OD 
6 OS 
7 OD 
7 OS 
8 OD 
8 OS 


0.56 
0.36 


0.42 
0.29 
0.57 
0.54 
0.45 


i 0.41 
0.53 





ee! +0.04 (+8.1) 
(^ +0.08 (+ 16.3) 


Control ROS 
Difference Difference 
(%) (%) 
—0.02 (—4.0) yu 
—0.04 (—6.6) 
—0.07 (—16.3) 


—0.20 (—32.2) 
TT —0.10 (—25.6) 
—0.09 (—15.5) 
—0.06 (—9.2) Md 
E —0.10 (—14.9) 
—0.06 (—8.8) e 
f —0.10 (—15.6) 
—0.06 (—9.5) TP 
—0.16 (—26.2) 
T" —0.09 (— 18.0) 
—0.03 (—5.4) 
—0.11 + 0.02 (— 19.7) 





Mean + SE 0.57 + 0.02 0.55 + 0.02 0.45 + 0.04 —0.03 + 0.02 (5.3) 


* ROS indicates rod outer segments. 


Intraocular Pressure, mm Hg 





Time, h 


Fig 1.—Intraocular pressure (+ SEM) following intracameral injection of rod outer segments 
(closed circles) or control injection (open circles) in cats. 


Slit-lamp examination and IOP mea- 
surement were performed at 6, 24, and 48 
hours on anesthetized cats. Cats were 
killed after 48 hours. Additional cats 
received intracameral ROS and were killed 
at 1, 4, and 24 hours. All eyes were imme- 
diately enucleated, corneas trephined, and 


the eyes fixed in glutaraldehyde. After 24 
hours, a 3-mm portion of the inferior angle 
was removed and fixed in 1.2% glutaralde- 
hyde-1.25% paraformaldehyde buffered 
with 0.1 mol/L of cacodylate, postfixed in 
cacodylate-buffered 0.5% osmium tetrox- 
ide, and embedded in a preparation for 
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ms. 


Fig 2.—Electron micrograph showing intact (arrowhead) and frag- 
mented (arrow) rod outer segments in intratrabecular spaces one hour 


after injection (4000). 





Fig 3.—Electron micrograph showing occlusion of intratrabecular 
spaces with rod outer segment fragments (arrowhead) four hours after 


intracameral injection (X5000). 


sectioning (Spurr-Quetol). Sections for 
light microscopy were cut at 1 wm and 
stained with Richardson’s stain. Thin sec- 
tions were stained with uranyl acetate- 
lead citrate and examined with a transmis- 
sion electron microscope (Hitachi H-600). 


RESULTS 
The data from the perfusion experi- 
ments are displayed in the Table. In 
each of the eight pairs, the ROS- 
injected eyes displayed a larger 
decrease in outflow facility than con- 
trol injected eyes (P < .01, sign test). 
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Fig 4.—Electron micrograph showing occlusion of intratrabecular 
spaces by rod outer segment disc fragments (large arrowhead) 24 


hours after injection. Trabecular beams are indicated by small arrow- 


heads (X5000). 


There was a significant decrease in 
outflow facility when 10* ROS were 
perfused in human eye bank eyes 
(P«.015, t test) The average 
decrease in facility was 19.7% of the 
initial value for eyes that received 
ROS and 5.2% for the control injec- 
tion. 

Slit-lamp examination of the cat 
immediately after intracameral injec- 
tion of ROS revealed a moderate num- 
ber of small, white ROS floating dif- 
fusely throughout the anterior cham- 


Fig 5.—Electron micrograph showing clearing of intratrabecular 
spaces with intact trabecular beams (arrowheads) 48 hours after 
injection (5000). 


ber. By four hours, the amount of 
floating ROS had been reduced signif- 
icantly, and by 24 hours no ROS could 
be seen. 

The IOP responses to a single intra- 
cameral injection of 3X 10 ROS or 
control are shown in Fig 1. As can be 
seen, the IOP rose from a baseline of 
19.7 + 1.8 mm Hg to a peak of 30.0 + 
0.7 mm Hg at 24 hours. By 48 hours, 
the pressure had returned to baseline. 
This is significantly higher (P < .05, t 
test) than control treated eyes, which 
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did not vary from their baseline IOP 
-of 184 + 2.0 mm Hg. 
~ Light microscopy of the TM in con- 
E trol cats revealed open intratrabecu- 
a lar spaces with slight polymorphonu- 
iar cell (PMN) infiltrate into the 
tratrabecular spaces. Electron mi- 
copy confirmed this. 
- Eyes treated with ROS showed min- 
mal PMNs at one hour, with the TM 
appearing to be open. By four hours, 
‘the amount of PMNs had increased, 
but the TM still did not appear oc- 
cluded. At 24 and 48 hours, there were 
very few PMNs, and no ROS could be 
seen in the TM. Electron microscopy, 
however, revealed numerous ROS 
throughout — the  intratrabecular 
spaces. At one hour, a combination of 
^ Intact and fragmented ROS could be 
seen in the intratrabecular spaces, 
-and the trabecular beams and endo- 
-thelial cells appeared intact (Fig 2). 
== By four hours, the spaces were still 
== occluded with fragments of ROS, but 
there appeared to be an increased 
amount of cellular debris. In addition, 
although the trabecular endothelial 
cells were intact, some evidence of 
endothelial phagocytosis of ROS could 
be seen (Fig 3). By 24 hours, with the 
IOP at its peak, the intratrabecular 
paces were completely oecluded with 
g ented ROS membranes (Fig 4). 
rabecular beams still, however, 
red to be intact. At 48 hours, 
e IOP returned to baseline, 
“few ROS fragments could be 
seen in the TM (Fig 5). 


COMMENT 


Most cases of retinal detachment 
are associated with hypotony? In 
1978, Schwartz! described 11 patients 
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who had retinal detachment, uveitis 
without keratic precipitates and unre- 
sponsive to corticosteroids, and high 
IOP. Furthermore, the IOP returned 
to normal following repair of the 
detachment. 

The etiology of the pressure rise is 
uncertain; Schwartz! believed that the 
increase in IOP was due to inflamma- 
tion in the TM region. Davidorf' 
described three cases in which there 
was a retinal detachment, high IOP, 
and heavy pigmentation of the TM. He 
postulated that it was the release of 
pigment from the retinal pigment epi- 
thelium into the vitreous and the 
anterior chamber that caused block- 
age of the TM. 

More recently, Matsuo and asso- 
ciates? described seven cases with 
Schwartz syndrome who had ROS in 
their anterior chambers. Facility of 
outflow in these patients was reduced 
but increased after repair of the reti- 
nal detachment. They postulated that 
the ROS might be a cause of TM 
blockage. However, there are no actu- 
al histologic studies demonstrating 
ROS in the TM. 

Our study demonstrates that ROS 
can cause a significant decrease in 
outflow facility when injected into 
human eye bank eyes. Furthermore, 
intracameral injection of 3 X 10’ ROS 
into the cat resulted in a significant 
rise in IOP compared with control 
injection. Histologic examination of 
the TM revealed intact ROS frag- 
ments blocking the TM as early as one 
hour after injection. With time, the 
ROS became disrupted with further 
blockage of the TM so that by 24 
hours, the intratrabecular spaces 
were completely obstructed with ROS 
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dise T This corresponded to 
peak IOP. By 48 hours, the TM was 
mostly clear of ROS, and the IOP 
returned to baseline. The cytoarchi- 
tecture of the TM appeared to remain 
intact, although there was some 
phagocytosis of ROS by the trabecular 
endothelial cells. 

The number of ROS injected 
(3 X 10’) was chosen to produce the © 
appearance of a moderate number of 
"cells" in the anterior chamber. - 
Unfortunately, the concentration of 
ROS in patients with the Schwartz 
syndrome is uncertain. Further 
studies into the composition and den- 
sity of ROS in these patients would be 
of great interest. 

Patients with the Schwartz syn- 
drome presumably have a chronic in- 
flux of ROSs into the anterior chamber: 
and thus the TM. In addition, other 
factors such as pigment, protein, and 
prostaglandins may enter the anterio 
chamber. In our study, the cats onl 
received a single injection of RO! 
Whether the lack of permanent T. 
disruption was due to the acute natur 
of the experiment is uncertain. Howev 
er, the fact that patients with 
Schwartz' syndrome typically show a 
lowering of IOP and rise in outflow. 
facility within days of repair suggests. 
that long-term exposure to ROS does 
not alter the TM, but ROS might act as. 
mechanical obstructors of the intra- 
trabecular spaces in a manner similar - 
to ghost cell glaucoma.” | 
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.. @ Assessment of uveal melanoma 
_ response after many nonenucleation ther- 
- apies is difficult with current modalities, 
: since tumor regression is usually delayed. 
` The goal of most treatments, including 
. lonizing radiation or radiation and adjunct 
- hyperthermia, is to destroy the reproduc- 
. tive capacity of the tumor. Cell cycling 
analysis with bromodeoxyuridine, a thymi- 
ogue only incorporated during 
hesis, was a useful indication of 
trol after hyperthermia was 
reat a Greene intraocular mela- 
del. Cell cycling decreased from 
-16% before therapy to less 
in all the successfully treated 
ll cycling changes preceded 
vidence of cell death. In con- 
r$ that grew after insufficient 
ad increased cell cycling to a 
5%. Cell cycling studies with 
yuridine represent a sensitive 
the reproductive integrity of the 
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Tt is often difficult to determine 
“whether  nonenucleation treat- 
- ments have been effective therapy for 
-& uveal melanoma." The goal of 
brachytherapy (radioactive plaques) 
^ Aécepted for publication Oct 15, 1988. 

.' From the Ocular Oncology Unit, Department 
of Ophthalmology (Drs Kindy-Degnan and Char 
and Ms Kaleta), the Francis I. Proctor Founda- 
. tion (Dr Char), and the Departments of Radia- 
tion Oncology (Drs Char and Swift) and Patholo- 
_ gy (Dr Ljung), the University of California, San 
- Francisco (UCSF). 

Reprint requests to Ocular Oncology Unit, 10 
` Kirkham, Box 0730, UCSF, San Francisco, CA 
94143 (Dr Char). 


EC CHNPPPUN 107, May 1989 





oerthermie Therapy for Intraocular Tumor 


ine K àj-Degnan, MD; Devron H. Char, MD; 
"Patric k Swift, MD; Shawnya Kaleta; Britt-Marie Liung, MD 


or charged particle (helium ion or 
proton) radiation is to destroy the 
reproductive integrity of a tumor.*'^^ 
Many patients are being treated with 
radiation therapy; a few patients have 
received lower-dose radiation therapy 
and hyperthermia in an attempt to 
decrease ocular morbidity.'^^ Early 
assessment of tumor control with 
indirect ophthalmoscopy, ultrasonog- 
raphy, and fluorescein angiography 
has limited specificity and sensitivity. 
Clinical evidence of radiation re- 
sponse is often delayed for months, 
and the mean tumor shrinkage in 
successfully irradiated uveal melano- 
mas is approximately 4096.*^^ Simi- 
larly, the sensitivity of histologic 
analysis to confirm tumor control is 
often unreliable. Tumors that have 
lost their reproductive integrity can 
still have normal-appearing tumor 
cells on standard light microscopy." 
Recent methodologic advances in 
cell cycle analysis and monoclonal 
antibody staining may improve our 
ability to detect early treatment 
response in irradiated uveal melano- 
mas." Bromodeoxyuridine, a thymi- 
dine analogue, is only incorporated 
during the synthesis phase of a cell 
cycle. Cells that have lost their repro- 
ductive integrity and are not cycling 
do not take up bromodeoxyuridine." 
Tumor response before and after 
treatment of a Greene intraocular 
melanoma in rabbits was studied with 
bromodeoxyuridine clinical and histo- 
logie modalities. Hyperthermia was 
used for treatment, because its effects 
are more immediate than ionizing 


 Bromodeoxyuridine Uptake in the Assessment of 


radiation." A dramatic reduction of 
DNA synthesis manifest by a de- 
creased uptake of bromodeoxyuridine 
was seen after successful hyperther- 
mia treatment, and  bromode- 
oxyuridine alterations appeared to . 
precede histologic changes. i 


MATERIALS AND METHODS 


This research protocol was reviewed and 
approved by the Animal Care Committee 
at our institution. Male New Zealand albi- 
no rabbits weighing 3 kg were anesthetized 
with intramuscular injections of a 1:1 mix- 
ture of xylazine (0.5 mg/kg) and ketamine 
hydrochloride (0.1 mg/kg) for all studies 
and treatments. 


Experimental Tumor Model 


The Greene amelanotic malignant mela- 
noma, a hamster tumor grown in the ante- 
rior chamber of rabbits, was used in this - 
study.” It was implanted in the equatorial 4. 
suprachoroidal space as previously de- 
scribed (Fig 1)? Tumor growth was 
detected within 14 to 21 days; the tumor 
grew as an elevated, whitish, rounded 
mass. Occasionally small hemorrhages and 
irregular vascularization were observed on 
the melanoma surface. While some tumors 
either did not grow or spontaneously 
regressed, spontaneous involution did not 
occur when a tumor's largest diameter or 
height exceeded 4 mm. Melanomas grew 
from 6 to 9 mm in maximum base diameter 
and 4 to 7 mm in thickness in three to four 
weeks. These size estimates were estab- 
lished on the basis of clinieal and ultrason- 
ographie eriteria. 


Hyperthermia A 
5 


As described elsewhere, hyperthermia | 
with a 2450-MHz microwave plaque appli- 
cator and integral surface cooling was used 
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to treat 16 rabbit intraocular melanomas.” 
Preliminary extensive invasive thermome- 
try, with up to 15 fiberoptic sensors, estab- 
lished the intraocular temperature profile 
in both the normal and tumor-bearing 
eyes. A thermal probe integrated into the 
microwave hyperthermia device was used 
to monitor temperature distributions with 
three separate sensors spaced 3 mm apart 
in treated melanomas (Fig 2). Target tem- 
perature 3 mm from the tumor apex was 
maintained at 41°C, 42°C, 48°C, 44°C, 
45°C, and 46°C for one hour by varying the 
power level as needed. Tumors were fol- 
lowed up with serial examinations using 
indirect ophthalmoscopy, ultrasonogra- 
phy, and fine-needle aspiration biopsy 
(FNAB) for both tumor viability and 
reproductive integrity. 


Bromodeoxyuridine Uptake 


The rabbits received intravenous injec- 
tion of 200 mg/m? of body surface of bro- 
modeoxyuridine one hour before either 
FNABs or enucleation. Bromodeoxyurid- 
ine, which is a thymidine analogue 
incorporated only during the synthesis 
phase of a cell cycle, can be used to assess a 
tumor cell’s reproductive integrity. It was 
used to study the effects of hyperthermia 
on tumor cell cycling. Fine-needle aspira- 
tion biopsies, using a 25-gauge needle, were 
performed before and after hyperthermia 


treatment with direct visualization of the 
tumor. 

A portion of the FNAB material was 
used to assess tumor viability with a try- 
pan blue exclusion assay. Two FNAB spec- 
imens were fixed in 70% ethyl alcohol on 
glass slides and processed for bromode- 
oxyuridine studies with immunoperoxi- 
dase staining techniques as previously 
described (Fig 3). 





Enucleated eyes were fixed in formalde- 
hyde solution and processed for standard 
light microscopic studies. Paraffin-embed- 
ded 8-um-thick sections through the tumor 
were stained for  bromodeoxyuridine. 
Uptake of bromodeoxyuridine was studied 
only on structurally viable melanoma cells. 
In preliminary studies histologic areas of 
viable-appearing tumor cells excluded try- 
pan blue and had some bromodeoxyuri- 


Fig 1.— Suprachoroidal implantation of Greene melanoma in rabbit eyes. Left, Dissection in 
correct plane. Right, Placement of 1-mm? tumor in suprachoroidal space. 
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Fig 2.— Schematic drawing of hyperthermia device. It is 2450-MHz microwave plaque applicator with integral surface 
cooling. Temperature monitoring was accomplished with intraocular 25-gauge thermal probe with three separate sensors 3 


mm apart. 
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Fig 3.—Fine-needle aspiration biopsy specimens obtained before therapy and stained for 


bromodeoxyuridine uptake. Positive cells stain dark with immunoperoxidase (counterstained with 


hematoxylin, X 100). 
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Fig 4.—Paraffin-embedded sections of untreated tumor. Positive cells are darkly stained with 
immunoperoxidase and demonstrate bromodeoxyuridine uptake (counterstained with hematoxy- 
lin, X 100). 


dine-positive cells. In contrast, histologi- 
cally nonviable areas were negative for 
both of these assays. Fibroblasts or necrot- 
ic cells (small cells with disrupted cellular 
membranes and dark-staining nuclei) were 
disregarded for bromodeoxyuridine analy- 
sis. 
RESULTS 


A number of studies were per- 
formed with FNABs before and after 
treatment or with standard histologic 
studies when enucleated. Cell cycling 
analysis with bromodeoxyuridine was 
done on viable-appearing tumor cells 
(large cells with intact cellular and 
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nuclear membranes) that were easily 
distinguished from necrotic cells, 
tumor debris, or erythrocytes. Un- 
treated tumors had mean viabilities, 
based on trypan blue exclusion assay, 
of 60% (range, 45% to 85% ) (Table 1). 
Active DNA synthesis was docu- 
mented in 16% (range, 9% to 28%) of 
tumor cells before treatment. Center 
and surround tumor FNABs (bromo- 
deoxyuridine uptake) were obtained 
in five pretreatment tumor-bearing 
eyes with minimal disparity («146 to 
2%) within each intraocular tumor. 
There was no correlation between 


Table 1.—Trypan Blue Exclusion Assay 
Viabilities 


Viability, % 
————————— 
Pre- 
treatment 


Complete response 


Post- 
treatment 


DNOOAWHND = 


rtial response 


« o 


No response 
12 
13 
14 
15 
16 


* AD indicates anesthetic deaths. 


Table 2.— Cell Cycling Analysis 
(Bromodeoxyuridine) 


Bromodeoxyuridine 
Uptake % 
—————— 
Pre- Post- 
treatment treatment 


Complete response 


No responset 
12 
13 
14 


* AD indicates anesthetic deaths. 
tPosttreatment bromodeoxyuridine uptake for no 
response groups is 1996. 


tumor size and cell cycling in the 
melanomas studied. 

Findings from standard histologic 
studies of untreated tumors were 
characteristic; the tumor consisted of 
large islands of viable-appearing mel- 
anoma cells with occasional small 
areas of interspersed necrosis. The 
overlying retinal layers revealed mild 
to moderate degenerative changes. 
Paraffin-embedded sections of these 
tumors revealed a mean bromodeox- 
yuridine uptake of 16% in accordance 
with the FNAB results (Fig 4). 


Intraocular melanomas were 
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treated with either a tumoricidal 
c (zm48.5?C) or nontumoricidal 
.(€43.5?C) temperature, as previously 
established. Complete response (CR) 

was defined as complete tumor eradi- 
tion. Treatment failures were either 
ed | as partial response (PR) 
decrease in tumor volume) or 
mse (NR) (continued tumor 
“Seven tumors had CR, four 
ad PR, and five had NR (Tables 1 











| Fine-needle biopsy specimens were 
— — obtained within three days after 
treatment in the majority of cases. 
Tumor viability in the immediate 
posttreatment period was unreliable 
in predicting early response in the PR 
. or NR group (Table 1). Tumor viabili- 
‘ty ranged from 1% to 75% in the NR 
tumors and did not correlate with 
clinical or histologic documentation of 
tumor growth. Assessment of tumor 
sponse as a function of cell cycling 
was sensitive and specific (Table 2); it 
-decreased from a mean of 16% before 
"therapy to less than 1% in all the 
suecessfully treated Greene melano- 
mas. These results preceded histologic 
or trypan blue evidence of cell 
destruction. In contrast, tumors that 
grew after treatment had increased 
cell cycling to a mean of 25%, and 
tumors with PR had a mean cell 
ling of 10%. 
Standard histologic studies ob- 
























bat studied prematurely due to anes- 
`- thetic deaths revealed extensive areas 
of hemorrhage with necrotic cells 
(disrupted cellular and nuclear mem- 
branes with DNA clumping) and 
prominent peripheral fibroblast in- 
growth. It was important to histologi- 
cally differentiate fibroblasts from 
viable melanoma cells, since actively 
cycling fibroblasts also stain with 
bromodeoxyuridine. Viable melanoma 
- cells were usually tightly bound in 
clusters, while fibroblasts tended to 
. —. pescattered with little cellular adher- 
. ence. Cellular structure was also dis- 
tinctive. Melanoma cells were large 
and round with visible prominent 
nucleoli, while fibroblasts were more 
elongated and no nucleoli were 
present. Two pathologists, masked as 
to treatment, could also reproducibly 
differentiate’ these two cell popula- 
tions. 

Histologic examination of enucle- 
ated eyes with continued tumor 
growth after hyperthermia revealed 
large islands of viable melanoma cells 

.with a mean of 15% tumor cell 
ling. This was consistent with the 
deoxyuridine FNAB results 
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COMMENT 

In this experimental in vivo intra- 
ocular melanoma, cell cycling studies 
using bromodeoxyuridine are a sensi- 
tive gauge of the reproductive integri- 
ty of the tumor. Alterations in cell 
cycle status were an early, accurate 
predictor of tumor response to hyper- 
thermia. Changes in cell cycling sta- 
tus preceded histologic evidence of 
tumor necrosis. 

Many patients with uveal melano- 
ma are treated with either brachy- 
therapy (radioactive plaques) or 
charged particle irradiation. Over 
92% of treated eyes in our center are 
retained, but especially with large 
melanomas significant ocular morbid- 
ity can occur. Hyperthermia is being 
investigated in uveal melanoma ther- 
apy as an adjunct to radiation thera- 
py. It is possible that the combination 
of hyperthermia with lower-dose radi- 
ation therapy might decrease ocular 
morbidity./^'* This study on intraocu- 
lar melanoma response after hyper- 
thermia has two major implications 
in the management of human uveal 
melanoma. First, it is known that 
conventional clinical examination 
techniques after irradiation of uveal 
melanomas are of limited value in the 
early assessment of tumor response. 
The bromodeoxyuridine assessment of 
cell cycling appeared to be an early, 
reliable measure of therapeutic effica- 
cy. Second, standard histopathologic 
studies of successfully irradiated mel- 
anoma cells have revealed the occa- 
sional presence of tumor cells that 
appear morphologically viable, but 
that have an absence of mitotic fig- 
ures.“ Unfortunately, the presence or 
absence of mitosis is an insensitive 
measure of reproductive integrity of 
treated cells. We have shown that 
apparently viable cells can be present 
in successfully treated tumors after 
hyperthermia; however, cell cycling is 
significantly diminished as compared 
with either untreated animals or 
treatment failure groups (PR, NR). 

The tumoricidal effect of heat alone 
or in combination with radiation has 
been extensively studied.» The 
synthesis phase of the cell cycle is 
relatively radioresistant but is the 
most sensitive phase to hyperthermia. 
This is consistent with our bromo- 
deoxyuridine results in which we have 
seen a virtual absence of synthesis 
phase cells after adequate hyperther- 
mia treatment. On the other hand, a 
sublethal temperature seems to 
slightly increase cell cycling (as seen 
in the NR group), confirming reports 
of accelerated growth and thermo- 








































tolerance with lower temperatu 
While the studies reported | 
only show that bromodeoxyuridine 
analysis is useful in a hyperthermia. 
model, similar results have been noted: 
by our group in both in vivo and in. 
vitro studies of irradiated human uve- | 
al melanoma? and by others in differ- 
ent neoplasms.” 

Bromodeoxyuridine studies of tu- 
mors treated with a range of tempera- 
tures (41°C to 46°C) help clarify dif- 
ferent effects of hyperthermia. At rel- 
atively lower temperatures minima 
cellular damage is noted. Small area: 
of hemorrhagic necrosis are inter 
spersed within large islands of strue 
turally viable and mitotically ac 
melanoma cells. There seems to be 
accelerated cycling of tumor cell. 
(higher bromodeoxyuridine uptake) in 
accordance with heat enhancement of- 
cell proliferation. Tumoricidal hyper- - 
thermia temperatures produce early. 
direct cell kill and/or tumor vascular 
compromise, as evidenced by large 
areas of hemorrhagic necrosis cen- 
trally. 

Bromodeoxyuridine studies seem to 
be an earlier and more sensitive gauge: 
of alterations of a tumor's repro 
tive integrity after treatment tha 
standard histologic studies. Thi: 
approach may be useful in monitoring. 
human ocular tumors, and further 
investigation appears warranted. 
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40 million eyes are at risk for 
Giant Papillary Conjunctivitis (GPC) 


Giant Papillary Conjunctivitis is an allergic ocular 
condition that threatens the approximately 20 
million Americans who wear contact lenses. 

It causes lens intolerance, itching, mucus 
discharge, redness of the conjunctiva, and 

the formation of papillae on the tarsal plate. 





There is only one therapy specifically indicated 

i for GPC: OPTICROM" Ophthalmic Solution 
(cromolyn sodium ophthalmic solution, USP). 
When prescribed in the early stages of the 
condition, OPTICROM consistently reduces 
the severity and duration of symptoms." In 
many patients, OPTICROM also prevents the 
progression of GPC and permits them to 
continue wearing contact lenses." 
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NDICATIONS AND USAGE: OPTICROM is indicated in the treatment of certain allergic 

ocular disorders referred to by the terms vernal keratoconjunctivilis, vernal conjunctivitis, 

giant papillary conjunctivitis. vernal keratitis. and allergic keratoconjunctivitis, The etiologic 

actors are unknown, bul commen airborne allergens “and contact lenses have been impli- 
ater 
















en response to therapy (decreased itching, tearing, redness, and discharge) is 
usually evident within a few days, bul longer treatment jor up to six weeks is sometimes 
required. Once symptomatic improvement has been established, therapy should be con- 
inued lor as long as needed to sustain improvement. 


t téqui red. corticosteroids may be used concomitantly with OPTICROM 


Users of soft (hydrophilic) contact lenses should refrain from wearing lenses while under 
teatment with OPTICROM (see Contraindications). Wear can be resumed within a lew 
urs after discontinuation of the drug. 


CONTRAINDICATIONS: OPTICROM is contraindicated ir those patients who have shown 
insitivity to cromolyn sodium or to any of the other ingredients 


dli ophthalmic preparations containing benzalkonium chloride, patients are advised 
not to wear soft contact lenses duting treatment with OPTICROM 


PR zi AUTIONS: General: Patients may experience a transient stinging or burning sensa 
ian following application of OPTICROM. 


fhe recommended frequency of administration shouid not be exceeded. The dose for adults 
and children is 1-2 drops in each eye 4-6 times a day at regular intervals. 


Carcinogene ia, Mutagenosis, and impairment of Fertility: Long term studies in mice 
12 months intraperitoneal treatment followed by six months observation), hamsters (12 
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'utaneous treatment) showed no neoplastic effect of cramolyn sodium 


No evidence of chromosomal damage or cytotoxicity was obtained in various mutagenesis 
studies. 


No evidence ol impaired fertility was shown in laboratory animal reproduction studies. 
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parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 
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esorption and decreased fetal wei ight) were noted only at the very high parenteral doses 
hat produced maternal toxicity. There are, however, no adequate and well controlled studies 
n pregnant women. Because ani«mal reproduction studies are not always predictive of 
uman response, this drug should be used during pregnancy only if clearly needed. 


Nursing Mothers: it is not known whether this drug is excreted in human milk. Because 
nany drugs are excreted in human milk, caution should be exercised when OPTICROM is 
idministered to a nursing w Oman. 


Pediatric Use: Safety and effectiveness in children beiow the age of 4 years have not been 
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OVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
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stinging or burning upon instillation. 
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The Medical. College of Q Ohio has - 
full-time academic faculty positions 
at the Assistant/Associate Profes- 
sor level available in: 


Cornea/External Disease 
Glaucoma 
Comprehensive Ophthalmology 


Applicants must be board certified 
or board eligible. Rank and salary 
commensurate with experience 
and credentials. The successful 
candidate will be involved in teach- 
ing, research, and clinical care. 
Applicants must have a sincere 
interest in pursuing an academic 
position. The Medical College of 
Ohio is an equal opportunity 
employer. Send CV and letter to: 























Norman C. Johnson, Jr., M.D. 
Chairman 

Department of Ophthalmology 
3000 Arlington Ave. 

Toledo, Ohio 43699 




































OPHTHALMOLOGISTS 


Urgently needed in developing 
countries to train national physi- 
cians and develop programs. Chris- 
tian Blind Mission International is an 
interdenominational ^ organization 
established in 1908, dedicated to 
helping blind and handicapped peo- 
ple through medical, educational 
and rehabilitation services. 


Contact: 

D. Lovingood 
CBMI-USA 
P.O. Box 175 
Wheaton, IL 60189 
(312) 690-0300 
























What happens 
when a product comes along 
that’s too good to fit into 
an existing category? 
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"for the highest degree of visual 


Introducing the first 
Flexible FluoroPolymer 
contact lens. 


Just as the compact disc 
created a new category in 
high-performance audio 
technology, the ALLERGAN 
ADVENT" (flurofocon A) con- 
tact lens marks the creation of 


¿a new and unique category of 


contact lenses. The class of 
Flexible FluoroPolymer (FFP) 
contact lenses. 


A new criterion for corneal 
physiological response. 
Developed by 3M, the 
ALLERGAN ADVENT fluoro- 
polymer contact lens is a 
unique material that delivers a 
superior corneal physiological 
profile. A material developed 


acuity and ocular health. 


The result is a contact lens 
that provides a high level of 
safety and virtually "lens-free" 
physiology. Especially when 
wornonanextendedor | 


- flexible wear basis. 
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= ALLERGAN OPTICAL 


™ A Division of Allergan, Inc., Irvine, CA 92713 


Unsurpassed oxygen 
permeability and 
transmissibility. 

Among the other superlative 
characteristics of this unique 
fluoropolymer, oxygen perme- 
ability ranks high. In fact, the 
ALLERGAN ADVENT contact 
lens has a remarkable Dk 
value of 100% 


The implication? 


With the ALLERGAN ADVENT 
contact lens, you get maxi- 
mum oxygen transmissibility 
to help minimize the potential 
for corneal swelling. And 
maximum performance in 
your patients' overnight 

wear situations. 


Outstanding initial and 
long-term comfort. 

A superior design, wettability 
and deposit resistance are 
further attributes of the 
ALLERGAN ADVENT contact 
lens. This should be welcome 
news for those who may have 
experienced wettability and 
deposit problems with tradi- 
tional rigid and silicone 
acrylate materials. 


A new category of 
contact lens. A new era 

of confidence. 

We introduce the ALLERGAN 
ADVENT contact lens with an 
unusual degree of pride and 
satisfaction. Because, quite 
simply, no other contact lens 
combines comfort, corneal 
physiological response and 
visual acuity to the degree 
that the ALLERGAN ADVENT 
contact lens does. 


Gain your own perspective 
ofthis advanced new category 
of contact lens by attending an 
upcoming ALLERGAN ADVENT 
contact lens seminar in 

your area. 


Too good to consider 
anything less. 
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Lacrimal Sae Diverticuli 


6-month-old infant presented with 
acute left periorbital cellulitis (Fig 1). 
When the patient was 4 days old, two 
bands of ankyloblepharon of the right eye- 
lids were divided. A left lower-lid abscess 
was incised and drained when the infant 
was 3 months old. From age 3 to 6 months, 
she was admitted to the hospital six times 
for recurrent left periorbital cellulitis. A 
probing at 4 months of age showed no 
obstruction of either nasolacrimal duct. 
The patient was seen in consultation at 
age 4’ months, and an examination while 
she was under anesthesia revealed that the 
left lacrimal drainage system irrigated 
freely. The results of a dacryocystogram 
showed multiple diverticuli of the left lac- 
rimal sac with patency of the nasolacrimal 
duct (Fig 2). When the infant was 6 months 
old, a left dacryocystorhinostomy was per- 
formed, with excision of the diverticuli 
arising from the inner aspect of the lacri- 
mal sac. This resolved the recurring infec- 
tions. 





Fig 1.—External photograph demonstrating left periorbital cellulitis. 


756 Arch Ophthalmol— Vol 107, May 1989 


COMMENT 


Diverticuli of the lacrimal sac arise 
congenitally or as a result of inflam- 
mation or trauma. Congenital fistulas 
of the lacrimal sac are more common 
than congenital divertieuli. Sponta- 
neous rupture or incision and drain- 
age for dacryocystitis are considered 
the most common causes of lacrimal 
sac diverticuli.’ 

Lacrimal sac diverticuli have been 
reported in infants and adults. 
Although they are said to be common 
in minor degrees, few have been illus- 
trated in the literature.** The clinical 
presentation is that of dacryocystitis; 
however, the lacrimal drainage sys- 
tem is found to be patent by irriga- 
tion. A dacryocystogram is necessary 
for diagnosis. Surgical correction may 
be achieved with excision alone or 


combined with dacryocystorhinosto- 
my. 
JOHN D. BULLOCK, MD, MS 
STUART H. GOLDBERG, MD 
Dayton, Ohio 


References 


1. McCord CD. The lacrimal drainage system. 
In: Duane TD, Jaeger EA, eds. Clinical Ophthal- 
mology. Philadelphia, Pa: Harper and Row; 
1987;4:17. 

2. Demorest BH, Milder B. Dacryocystogra- 
phy, Il: the pathologic lacrimal apparatus. Arch 
Ophthalmol. 1955;54:410-421. 

3. Duke-Elder S. Congenital deformities. In: 
System of Ophthalmology: Normal and Abnormal 
Development. St Louis, Mo: CV Mosby Co; 
1963;3:936. 

4. Malik SRK, Gupta AK, Chaterjee S, Bhard- 
waj OP, Saha M. Dacryocytography of normal 
and pathological lacrimal passages. Br J Oph- 
thalmol. 1969;53:174-179. 


5. Zonis S, Gdal-on M. A congenital diverticu- w 


lum of lacrymal sac successfully operated. Ear 
Nose Throat J. 1972;51:62-64. 





Fig 2.—Dacryocystogram showing normal patent nasolacrimal drain- 
age system on the right side (long white arrow) and diverticuli of the 
lacrimal sac and duct on the left side (short white arrows). Patency of 
the nasolacrimal duct on the left side is demonstrated by contrast 
material in the duct well below the diverticuli (black arrow). 
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* Idiopathic Recurrent Branch Retinal 


Arterial Occlusion 


W: evaluated a 30-year-old woman for 
an acute-onset superior paracentral 
scotoma in the right eye. Associated symp- 
toms included tinnitus, vertigo, and a tran- 
sient episode 2 months earlier of left-sided 
facial and arm weakness that prompted 
the discontinuation of oral contraceptive 
use. 

The visual acuity was 20/25 OD and 
20/20 OS. Posterior segment examination 
revealed mild segmental periarterial 
sheathing and ischemic retinal whitening 
corresponding to occlusion of the infero- 
temporal (Fig 1) and superonasal (Fig 2) 
branch arteries in the right eye. The left 
fundus was normal. Fluorescein angiogra- 
phy revealed multifocal arterial occlusion 
with variable, segmental staining of the 
involved arteries and adjacent veins (Figs 
3 and 4). 

Extensive cardiovascular, neurologic, 
and hematologic evaluation failed to reveal 
a source of emboli or an associated coagu- 
lopathy, connective-tissue disese, or sys- 
temic vasculitis. Aspirin therapy was initi- 
ated. Three weeks later, the patient re- 
turned with similar arterial occlusions in 
the left eye: After 4 months’ follow-up, the 
visual acuity remained excellent and there 
were no subsequent recurrences. 


COMMENT 


The syndrome of idiopathic, multi- 
ple, recurrent branch retinal artery 
occlusions in healthy individuals has 





Fig 3.—Late-phase angiogram showing multifocal arterial occlusion 
with segmental staining of involved arteries and adjacent veins. 
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recently been described.'? Systemic 
symptoms may include tinnitus, verti- 
go, and hearing loss. Ophthalmoscopy 
reveals multifocal arterial and arteri- 
olar occlusion, often associated with 
yellow-white periarterial plaques or 
sheathing. Fluorescein angiography 
demonstrates variable degrees of seg- 
mental arterial staining at the sites of 
occlusion and elsewhere, suggesting 
focal vasculitis. 

The cause of this syndrome remains 
unclear; however, infection with cyto- 
megalovirus has been suggested as a 
possible cause? As in any young 
patient with retinal arterial occlusive 
disease, a thorough medical evalua- 
tion is indicated.* When no systemic 
disease is uncovered, the prognosis for 





Fig 1.—Right eye, showing inferotemporal 
branch artery occlusion with ischemic retinal 
whitening and segmental periarterial sheath- 
ing. 


retaining useful central vision is 


good. 
MARK W. JOHNSON, MD 
Harry W. FLYNN, JR, MD 
J. DONALD M. Gass, MD 
Miami, Fla 


References 


1. Gass JDM, Tiedeman J, Thomas MA. Idio- 
pathic recurrent branch retinal arterial occlu- 
sion. Ophthalmology. 1986;93:1148-1157. 

2. Gass JDM. Occlusive retinal arterial and 
arteriolar disease. In: Stereoscopic Atlas of Mac- 
ular Diseases: Diagnosis and Treatment. St Lou- 
is, Mo: CV Mosby Co; 1987:352. 

3. Digre KB, Blodi CF, Bale JF. Cytomegalovi- 
rus infection in a healthy adult associated with 
recurrent branch retinal artery occlusion. Reti- 
na. 1987;7:230-232. 

4. Gittinger JW Jr. Branch artery occlusion in 
a young woman. Surv Ophthalmol. 1985;30:52- 
58. 





Fig 2.—Superonasal branch artery occlusion 
in the right eye. 





Fig 4.—Angiogram of nasal fundus demonstrating variable segmental 
periarterial staining of both occluded and patent vessels. 
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Surgical Techniques 


€ We describe a method of subtotal 
. lower eyelid reconstruction employing 
. either a free tarsoconjunctival graft or a 
transpositional  tarsoconjunctival flap 
: from the upper lid together with a bipedi- 
- cle skin-muscle advancement flap from 
, the lower lid. A full-thickness skin graft is 
. placed into the defect created by the 
movement of the bipedicle flap. This tech- 
nique obviates the need to use a lid- 
sharing procedure that occludes the fis- 
sure and would be indicated for the mon- 
ocular patient or one who would be at a 
serious disadvantage with the eye cov- 
ered for several weeks. 

(Arch Ophthalmol. 1989;107:758-760) 


Flor subtotal and total lower lid 
y reconstruction, the usual tech- 
nique d apicis a lid- sharing opera- 











cribe two similar proce- 
» ising a tarsoconjunctival 
- transpositional flap and the other 
. using a free tarsoconjunctival graft in 
combination with a bipedicle skin- 


MATERIALS AND METHODS 


— "The procedure is usually done using local 
„anesthesia: 2% lidocaine hydrochloride 
with 1:100000 epinephrine hydrochloride 
and 0.75% bupivacaine hydrochloride with 
1:200000 epinephrine, mixed 60% to 40%, 








€ Accepted for publication January 20, 1989. 
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with 1 mL of hyaluronidase per 20 mL of 
anesthetic mixture. The tumor is outlined, 
excised, and sent for frozen-section histo- 
logic evaluation (Fig 1). Following the 
tumor removal, the remaining lower eyelid 
conjunctiva is separated from the lower lid 
retractors to prevent downward pull on the 
tarsoconjunctival graft (Fig 2). 

For a defect in the midportion of the 
lower lid, a free tarsoconjunctival graft is 
removed from the ipsilateral upper lid (Fig 
3). The upper lid is everted over a right- 
angle (Desmarres) retractor, and a 4-mm- 
wide tarsoconjunctival graft correspond- 
ing in length to the size of the lower lid 
defect is removed from the central portion 
of the upper eyelid tarsus, leaving 2.5 mm 
of tarsal support at the lid margin. The 
donor area is left unsutured. For a defect 
involving the lateral two thirds or more of 
the lower lid, a transpositional tarsocon- 
junctival graft from the upper lid based in 
the lateral fornix is used. With the upper 
lid everted over a right-angle retractor, a 
4-mm-wide tarsoconjunctival graft, corre- 
sponding in length to the lower lid defect 
and based in the lateral fornix, is lifted 
from the orbicularis muscle. At least 2.5 
mm of tarsal support is left between the 
posterior lid margin and the graft. 

The free graft is placed in the defect, 
making certain that the conjunctival sur- 
face is against the eye. It is brought level 
or slightly higher than the lid margin and 
sutured to the tarsoconjunctival layer with 
6-0 polyglactin sutures. It is then joined to 
the remaining conjunctiva in the inferior 
fornix with 6-0 chromic catgut sutures (Fig 
4). The transpositional flap is rotated into 
the lower lid and sutured in a similar 
fashion to the medial lid segment and 
within the fornix. If there is a redundancy 
in the flap, a tuck of the conjunctival 
pedicle to the lateral canthal tendon can be 
done in the lateral fornix using double- 
armed 6-0 polyglactin sutures. To prevent 
pückering the skin. with upward advance- 
ment of the bipedicle skin-muscle flap, a 


‘small horizontal wedge of skin and orbicu- 


laris can be removed below the lid margin 

at either side of a central defect and at the 

medial side with a lateral defect. 
Approximately 1l.em below the inferior 


Lower Lid Reconstruction Using Tarsoconjunctival Grafts 
and Bipedicle Skin-Muscle Flap 


Charles R. Leone, Jr, MD, John V. Van Gemert, MD 


skin edge of the lower lid defect, an inci- 
sion is begun that extends 1 em beyond the 
medial and lateral aspect of the defect (Fig 
5). This bipedicle flap of skin and orbicu- 
laris muscle is undermined and advanced 
upward to cover the tarsoconjunctival 
transpositional flap or free graft. The flap 
is joined to the tarsus at the new lid 
margin with 6-0 silk sutures. Into the 
defect created by the advancement of the 
bipedicle flap, a full-thickness skin graft, 
usually from the postauricular area, is 
inserted and sewn in place with 6-0 silk 
sutures (Fig 6). The bipedicle flap and 
full-thickness skin graft are secured to the 
orbicularis with deep suture bites of the 
6-0 silk suture. The silk sutures at the lid 
margin and at the inferior edge of the 
full-thickness skin graft can be left long 
and a cotton roll soaked in an antibiotic 
solution tied over the grafts to keep them 
flat and against the vascular bed. An inter- 
marginal suture of 5-0 polypropylene over 
silicone pegs can be placed between the 
uninvolved portion of the upper and lower 
lids to splint the area for 7 to 10 days. If 
the patient is monocular, these are not 
used. The sutures and the stent are 
removed in 7 to 10 days and the patient 
instructed to wear a shield at night for the 
next 2 weeks. 


REPORT OF A CASE 


A 53-year-old man had multiple exci- 
sions of the right lower eyelid for basal cell 
carcinoma, leaving a noticeable vertical 
shortening of the lateral two thirds (Fig 7). 
A transpositional tarsoconjunctival flap 


M 


together with a bipedicle skin-muscle . 


advancement flap and full-thickness skin 


graft were employed to repair the defect. . es 
He has done well postoperatively with the | 


improved lower lid apposition to his 
globe. 


RESUETS . 


We have performe 
using a transpo 
tival flap and 
conjunctival graft. The size of the 
defects räiged. from 15 to 25 mm, 
essentially from half to almost the 





five procedures 
i tarsoconjunc- 













Lid Recons 


| using a free tarso- , 






a, cR 6s 


Pd — 






: TINGS, «i, 
t a-— IAM 


NT VN 
ae 





Fig 1.—Neoplasm located in the lateral two thirds of the lower lid and 
the outline for a rectangular excision. 


- 


b 


Fig 3.—Free tarsoconjunctival graft. The upper eyelid is everted over a 
right-angle (Desmarres) retractor, and a free tarsoconjunctival graft, 4 
mm wide and similar in length to the eyelid defect, is removed from the 
orbicularis muscle, leaving at least 2.5 mm of tarsus at the eyelid 
margin. 


Fig 5.— The bipedicle skin-muscle flap is undermined and freed, then 
advanced upward to cover the tarsoconjunctival graft. It is sutured to 
the new lid margin with 6-O silk sutures. 
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Fig 2.—The remaining conjunctiva in the inferior fornix is separated 
from the lower eyelid retractors. 





Fig 4.— The free tarsoconjunctival graft is placed in the defect and 
sutured to the medial and lateral lid margin edges with 6-O polyglactin 
sutures and to the conjunctiva of the inferior fornix with 6-O chromic 
catgut sutures. A small horizontal wedge of skin and orbicularis can be 
removed below the lid margin at either side of the defect to prevent 
puckering with advancement of the skin-muscle flap. 





Fig 6.—Into the skin-muscle defect, a full-thickness skin graft is placed 
and sutured with 6-O silk sutures. To improve apposition to the deep 
tissues, suture bites are taken in the orbicularis at the junction of the 
free and bipedicle skin grafts. 
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Fig 7.—Top, Preoperative appearance of patient with marked retraction of his right lower eyelid. 
Bottom, Postoperative appearance at 6 months showing a satisfactory reconstruction of the right 
lower eyelid using a transpositional tarsoconjunctival flap. 


total lower eyelid. Of the 11 patients, 6 
had at least a 50% defect and 5 had up 
to a 75% defect. A 15- to 20-mm 
tarsoconjunctival graft was removed 
from the upper lid, and with the 
stretch obtained from the resiliency of 
the remaining lower lid tissues, the 
defect was adequately covered. We 
have had no upper eyelid complica- 
tions; the site of the tarsoconjunctival 
grafts epithelialized within 2 weeks, 
and there has been no change in the 
upper lid margin contour. Except for 
occasional puckering of the skin at the 
edges of the bipedicle flap at the lower 
lid margin, all flaps have healed with- 
out lid retraction. The lower lid con- 
tour has been satisfactory in all 
patients but 1; a dehiscence occurred 
at the junction of a free tarsoconjunc- 
tival graft and the lid margin, result- 
ing in a notch. Splinting the lid with 
intermarginal sutures on either side 
of a free tarsoconjunctival graft 
reconstruction is recommended for at 
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least 1 week to reduce the eyelid 
movement and thus promote better 
healing. We did not do this, of course, 
in a strictly monocular patient. 


COMMENT 


The modified Hughes reconstruc- 
tion has been the classic procedure for 
lower lid reconstruction'; however, the 
one disadvantage is that the eye is 
covered by the _ tarsoconjunctival 
advancement flap from the upper lid. 
Hewes et al described a one-stage 
procedure using a transpositional tar- 
soconjunctival flap based in the later- 
al fornix and advancement skin flap 
from the lower lid, which we? modified 
by substituting a transpositional 
skin-muscle flap from the upper eye- 
lid for the advancement skin flap. It 
has been our experience that if more 
than half of the lower lid were recon- 
structed, the distal aspect of both 
flaps could have a tenuous blood sup- 
ply, causing a slough or dehiscence 





and thus compromising the result. 
Moreover, it is necessary to have 
ample skin in the upper lid for the 
transpositional skin-muscle flap. Le- 
one and Hand’ used a free tarsocon- 
junctival graft and single pedicle flap 
to reconstruct the medial aspect of the 
lower lid. A full-thickness skin graft 
was used to cover the site of the 
pedicle graft. The blood supply from a 
single-pedicle skin-muscle flap would 
probably be inadequate to nourish a 
large free tarsoconjunctival graft. 

We therefore thought a bipedicle 
skin-muscle flap would furnish a 
much better blood supply to the tarso- 
conjunctival tissue, particularly a free 
graft. It would not only ensure viabil- 
ity but preclude a slough and result- 
ing lid deformity. Moreover, the ante- 
rior surface of the upper lid would be 
untouched, obviating any vertical 
shortening. 

The main advantage of this tech- 
nique is that it leaves the fissure open 
in a situation that might call for a 
lid-sharing procedure. Moreover, us- 
ing a tarsoconjunctival graft is ideal 
since one is replacing exactly what 
has been removed. A tarsoconjuncti- 
val graft not only is firm and support- 
ive but has a mucosal surface as 
opposed to sclera and cartilage. Chon- 
dromucosal tissue would have similar 
advantages as a tarsoconjunctival 
graft but is usually thicker and 
requires the sometimes difficult 
removal from the nasal cavity. A com- 
posite eyelid graft could be considered 
for a smaller defect, but because it is a 
free graft, it would not be appropriate 
for the larger defects we are describ- 
ing. In addition, the large defect cre- 
ated in the donor eyelid may require a 
complicated reconstructive procedure. 
A cheek rotational flap** could also be 
employed as the skin-muscle covering 
and would be a useful alternative to 
the bipedicle flap since it, too, would 
allow the fissure to remain open. 
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~ Surgical Techniques and Results Using Perfluorocarbon Liquids 


Giant Retinal Tears 
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. . € Three low-viscosity perfluorocarbon 
‘liquids provided an intraoperative tool 
. during vitrectomy to manage giant retinal 
.. tears. These clear fluids have a high spe- 
. cific gravity (1.8 to 1.9) and are immisci- 
. ble with water. In six eyes, the giant tear 
was less than 180°; in 11 eyes, it was 180° 
^. er greater. in all eyes, the tear was 
unfolded and the retina was flattened 
while the patient was supine. The per- 
fluorocarbon liquid was aspirated and 
replaced by air-perfluorocarbon gas mix- 
tures (16 eyes) or silicone oil (one eye) at 
the end of the operation. The retina was 
reattached in 16 eyes (94%), with a mini- 
‘mum follow-up period of 6 months. In five 
-: yes. (29%), the retina was reattached 
ithout scleral buckling. Residual drop- 
is of perfluorocarbon liquid were 
bserved in four patients. These new 
‘materials complement present surgical 
techniques for managing giant retinal 
tears. 
(Arch Ophthalmol. 1989; 107:76 1-766) 





















T management of retinal detach- 
ment associated with giant retinal 
| tears has stimulated the development 
-f many innovative approaches to 
unfold the flap of the tear and main- 
tain. its position against the retinal 
pigment epithelium. Intraocular gases 
may require turning the patient 
-intraoperatively to unroll the flap of 
"the tear." Surgical tables have been 
specially designed for this purpose.*”’ 
Silicone oil techniques require direct 
bimanual manipulation of the retina 
under the silicone oil interface until 
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the flap is correctly positioned." * A 
posterior retinotomy is occasionally 
necessary to evacuate residual subre- 
tinal fluid after the giant tear is 
closed. Methods have also been devel- 
oped to fixate the flap of the tear 
intraoperatively, such as retinal 
incarceration" or microincarcera- 
tion'*? retinal suturing,” retinal 
tacks,^? or retinal adhesives.” These 
procedures add additional risks to the 
surgical procedure. 

Various liquids with a higher spe- 
cifie gravity than water have also 
been used to unfold the flap of a giant 
retinal tear and to flatten the retina 
against the choroidal surface. The use 
of hyaluronate sodium," fluorosili- 
cone oil,?? and low-viscosity perfluor- 
ocarbon liquids" has been previously 
reported, but only in a few patients. 
Of the available liquid substances, the 
perfluorocarbons appear to offer the 
greatest advantages in the intraoper- 
ative retinal manipulation of giant 
tears. They have a higher specific 
gravity that ranges from 1.6 to 2.0, 
which can more easily flatten the ret- 
ina. They are immiscible with water, 
and the interfacial tension that is 
formed between perfluorocarbon liq- 
uid placed in saline solution is similar 
to that of silicone oil in saline. The 
low-viscosity liquids allow injection 
into and removal from the eye easily 
during surgery. This report summa- 
rizes the techniques, results, and com- 
plieations of 17 consecutive patients 
with giant retinal tears managed with 
perfluorocarbon liquids intraopera- 
tively. 


PATIENTS AND METHODS 


We managed 17 consecutive patients 
who had retinal detachments and giant 
retinal tears with inverted flaps between 
May 1, 1986, and March 1, 1988, with the 
use of perfluorocarbon liquids intraopera- 
tively. Informed patient consent was 
obtained under an investigational protocol 
that was approved by the institutional 


from penetrating ocular trauma. One eye 


review board at Cornell University M 
College, New York, NY. All patien 
operated on by one of us (S.C.). Fou 
patients were male, and 3 were fem 
with ages ranging from 10 to 70 yeai 
(mean age, 31.4 years). Seven eyes had high 
myopia (—7 to —27 diopters). Nine eyes 
were phakic, and one lens was subluxated 
in association with Marfan syndrome. Five 
eyes were surgically aphakic (two, congen- 
ital cataract surgery), and three eyes were 
pseudophakic (one, anterior chamber; two, 
posterior chamber implants). Two patients 
had giant retinal tears that had resulted 























































had had a previous filtering operation. T 
patients had previous scleral buekling su 
gery for the giant retinal tear, and. 
patients had had a previous lensectomy, 
vitrectomy, and scleral buckling. In T 
patient, the giant retinal tear developed 
along the posterior edge of cryotherapy, 
resulting in a 120° tear (Table, patient 2). 

In six eyes, the giant retinal tear was - 
less than 180°, and in 11 eyes, the tear was — 
greater than 180? (Table). Two eyes had . 
two tears; each was 90° or greater and both | 
eyes were included in the greater than 180° . 
group. Clinical signs of proliferative.. 
vitreoretinopathy were present in seven 
eyes: retinal stiffening and surface pig- — 
mentary deposits on the retina in three - 
eyes, macular pucker or a star fold complex | 
in three eyes, and severe (Retina Society | 
Classification, grade D3) in one eye. One | 
patient (Table, patient 10) had preopera- — 
tive choroidal detachment, and both- 
patients with penetrating trauma had vit- 
reous and subretinal blood. E 

Three  perfluorocarbon liquids were. 
used: perfluorotributylamine in 4 eyes, 
perfluorodecalin in 2 eyes, and perfluoro- 
n-octane in 11 eyes. The physical proper- - 
ties of these three compounds differ slight- _ 
ly and have been published previously.” — 
The perfluorocarbon liquids were purified 
for intraocular use with a minimum purity 
of 98%. The major impurities were frag- - 
mented fully saturated perfluorocarbons — 
or isomers that could not be separated © 
from the parent compound. 

Operative techniques varied throughout - 
this series of patients and became stan- — 
dard as experience with the use of the 
perfluoroearbon liquids accumulated. If — 
the vitreous was clear, transscleral eryo- 
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Patient/Sex 
Age, y Size of Tear,° 
1/M/39 105 
2/F/70 120 
3/F/11 315 
4/M/55 180 
5/M/16 90 
6/M/25 120 
7/M/29 180 
8/M/29 120, 105 
9/M/25 180 
10/M/50 210 
11/M/41 180 
12/M/31 150, 90 
13/M/ 13 300 
14/F/28 210 
15/M/41 120 
16/M/ 10 270 
17/M/20 150 


Preoperative 
History Visual Acuity Surgical Treatment 
HM Vx, cryotherapy 
i 
ECCE and IOL 10 mo earlier; Vx, HM Vx, endophotocoagulation 
SB, and C3Fg 2 mo earlier 
Myopia (—9 D); Lx, Vx, and LP Vx, endophotocoagulation 
* SB- giant tear 2 wk earlier 
ia d HM Vx, cryotherapy 
Myopia (—26 D); SB X 2, PVR CF2’ Vx, endophotocoagulation 
grade C1 
Traumatic cataract; ECCE-AC IOL 20/200 Vx, SB, and cryotherapy 
1 wk earlier 
isis 20/20 Vx, cryotherapy 
Myopia (— 10 D) and lens 4/200 Lx, Vx, endophotocoagulation 
subluxation (Marfan syndrome); 
amblyopia 
Myopia (— 16 D); congenital 6/200 Vx, cryotherapy 
nystagmus - 
ECCE and IOL 2 y earlier; choroidal 3/200 Vx, SB and 
detachment endophotocoagulation 
Myopia (—7 D); SB 1 mo earlier 2/200 Vx, endophotocoagulation 
Penetrating trauma, Lx, Vx, and SB LP Vx, endophotocoagulation 
5 wk earlier; PVR D3 grade 
Congenital cataract surgery; Scheie LP Vx, SB, and 
procedure 1 mo earlier endophotocoagulation 
Congenital cataract surgery HM Vx, SB, and 
endophotocoagulation 
Penetrating trauma repair 10 d LP Vx, SB, and 
earlier endophotocoagulation 
Myopia (—11 D) HM Vx, endophotocoagulation 
Myopia (—8 D); PVR grade C1 HM Vx, cryotherapy 
¥ 





Clinical Summary of 17 Patients 


* HM indicates hand motions; Vx, vitrectomy; ECCE, extracapsular cataract extraction; IOL, intraocular lens implant; SB, scleral buckle; C3Fg, perfluoropropane; D, 
diopters; Lx, lensectomy; LP, light perception; PVR, proliferative vitreoretinopathy; CF2’, counting fingers at 2 ft; AC, anterior chamber: PFD, perfluorodecalin; CoFg, 
perfluoroethane; PFO, perfluoro-n-octane; PFTBA, perfluorotributylamine; and F-G, fluid-gas. 


pexy was first applied to treat each end of 
the giant tear up to the ora serrata and to 
surround any other retinal breaks. Ultra- 
sonic fragmentation of the lens was used to 
remove a clear lens if it was subluxated or 
when severe proliferative vitreoretinopa- 
thy (star folds or fixed retinal folds that 
involved at least three quadrants) was 
present. A conventional three-port 20- 
gauge vitrectomy system was used to cut 
and aspirate the anterior and cortical vit- 
reous. The flap of the retinal tear was 
gently mobilized and unfolded bimanually 
by using the light pipe and vitreous cutter 
or membrane pick. Epiretinal membranes 
were removed from both surfaces of the 
retina as completely as possible. A small 
amount of perfluorocarbon liquid (0.8 to 
1.0 mL) was injected over the optic disc by 
using a 23-gauge blunt cannula. This 
allowed the flap of the tear to be partially 
immobilized so that any epiretinal mem- 
branes that caused curling at the edge of 
the tear could be removed. Perfluorocar- 
bon liquid was then added up to the edge of 
the tear. Scleral depression was applied at 
the ends of the tear to trim vitreous 
strands to their insertion at the vitreous 
base (Fig 1). Visibility of the edge of the 
tear often disappeared as the perfluorocar- 
bon liquid flattened the retina to the 
periphery. Indirect ophthalmoscopy was 
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then used to monitor the level of any 
additional injection of the liquid. With the 
tear in position, argon endophotocoagula- 
tion was applied through the perfluorocar- 
bon liquid along the edge of the tear in 
aphakic eyes, visualizing through the oper- 
ating microscope. If the edge of the tear 
was too peripheral for endophotocoagula- 
tion, one or two rows of transscleral cryo- 
therapy was placed along the posterior 
edge of the tear under visualization with 
indirect ophthalmoscopy (Fig 2). A scleral 
buckle was placed in all earlier cases, but 
not done in later cases unless proliferative 
vitreoretinopathy was present. Localiza- 
tion for the scleral buckle was done while 
perfluorocarbon liquid maintained the ret- 
inal tear in position. 

Air-fluid exchange was performed in 
two stages by using the automated air 
infusion system. With the use of the flute 
needle, the infusion fluid above the per- 
fluorocarbon liquid was removed as com- 
pletely as possible by using the air to 
flatten the anterior retina and displace all 
anterior subretinal fluid before removal of 
the perfluorocarbon (Fig 3). Endophoto- 
coagulation to the anterior retina was add- 
ed if necessary. The perfluorocarbon liquid 
was then completely removed by using the 
flute needle. Posterior slippage of the tear 
occasionally occurred to the equator dur- 





Fig 1.—Giant tear is repositioned by perfluor- 
ocarbon liquid. Remaining cortical vitreous 
fibers at each end of tear are trimmed closely 
by using scleral depression. 


ing fluid-air exchange. It was corrected by 
replacing some of the air with saline solu- 
tion and by using an expanding gas concen- 
tration after turning the patient into the 
appropriate position postoperatively. The 
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With Giant Retinal Tears* R TOT MA 
Perfluorocarbon Long-term Final 
Liquid tamponade Subsequent Surgery Retinal Status Follow-up, mo Last Visual Acuity 
PFD CoFe Circumferential SB opposite tear Attached 18 20/25 
1 mo postoperatively; ECCE and 
10 mo postoperatively 
PFO CF6 F-G exchange 1 mo later, Attached 6 20/200 
cryotherapy 
PFTBA Silicone oil Revision Vx for PVR, grade D1 Detached 12 LP 
PFO CF6 Attached 12 20/80 
PFTBA CF6 F-G exchange 1 mo later; argon Attached 17 20/40 
laser 
PFO CF6 Photocoagulation Attached 6 20/30 
PFO CF6 Attached 7 20/20 
PFO CF6 Photocoagulation Attached 10 20/200 
PFO CF6 F-G exchange and cryotherapy Attached 12 20/400 
A PFO CsFa Photocoagulation, tear enlarged Attached retinal fold 15 20/60 
PFTBA CF6 Developed PVR grade D1-3 Attached 20 20/60 
operations, including Lx, revision 
of Vx and SB 
PFO C3Fg Penetrating keratoplasty; revision of Attached 12 6/200 
Vx for macular pucker 
PFTBA C3Fg Revision Vx for PVR grade D1 2 mo Attached 22 20/400 
later 
PFD CF6 Attached 6 20/25 
PFO CF6 F-G exchange; laser 6 wk later Attached 12 20/30 
PFO CF6 Pais Attached 6 20/200 
PFO CoFs Progressed to PVR grade D1; Attached 11 20/60 
3 2 operations, including Lx, revision 


of Vx, and SB 





Fig 2.—In phakic eyes, cryotherapy is applied after tear is flattened (left). Treatment is monitored by using indirect 
ophthalmoscopy. In aphakic eyes or in eyes with previous scleral buckling, argon endophotocoagulation can be applied 
through perfluorocarbon liquid by monitoring treatment through operating microscope (right). When retina is flattened, 
dispersion of retinal pigment epithelial cells during thermal treatment is minimized. 


vitreous cavity was flushed with a mixture 
of air and perfluorocarbon gas at the end 
of the operation (20% to 50% perfluoro- 
ethane in 13 eyes; 17% to 20% perfluoro- 
propane in three eyes). Silicone oil (1000 
centistokes) was used in one eye for long- 
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term tamponade because of the size of the 
tear in a patient (Table, patient 3) who had 
previously unsuccessful surgery. 

Patients were examined postoperatively 
weekly for the first month, and visual 
acuity, slit-lamp examination, intraocular 


pressure, gas bubble size, and funduscopic 
findings were recorded. After the disap- 
pearance of the gas bubble, patients were 
followed up at 2-week intervals for 2 
months and at longer intervals thereafter. 
Photocoagulation was prophylactically 
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Fig 3.—Patient is supine during fluid-gas exchange. Vitreous fluid anterior to perfluorocarbon liquid is removed 
completely by placing tip of flute needle near edge of tear (left). Chances for posterior slippage are reduced when 


subretinal fluid is completely aspirated before removing perfluorocarbon liquid (right). 





Fig 4.—Left, Fundus photograph of patient 14 taken 6 months postoperatively reveals small droplet of subretinal 
perfluorodecalin near macula (arrow). Right, Fluorescein angiogram indicated minimal disturbance of retinal pigment 
epithelium in vicinity of the droplet. 


added to gaps between zones of thermally 
induced chorioretinal adhesion. Reopera- 
tions were done for recurrent retinal 
detachments that ranged from fluid-gas 
exchange and photocoagulation or cryo- 
therapy to vitrectomy and/or scleral buck- 
le revision. All patients had a minimum 
follow-up period of 6 months after the last 
retinal procedure. In two patients, follow- 
up information was obtained from the 
referring retinal surgeon. 


RESULTS 


Intraoperatively, the perfluorocar- 
bon liquids flattened the retina in all 


764 


Arch Ophthalmol— Vol 107, May 1989 


17 eyes. Posterior retinotomy was not 
required in any of the eyes. In one 
patient (Table, patient 15), pooled sub- 
retinal blood was displaced peripher- 
ally out of the macular area, and the 
blood could be aspirated through the 
large tear as the level of perfluoro- 
carbon was increased. The perflu- 
orocarbon liquid was helpful in the 
patient with severe proliferative 
vitreoretinopathy (Table, patient 12) 
by exposing residual membranes with- 
in the retinal folds and by providing 
temporary stabilization of the retina 


during membrane dissection. All of 
the patients were supine throughout 
the operation, and none required prone 
positioning for air-fluid exchange. 
Subsequent procedures for each 
patient are noted in the Table. Four 
patients required no further treat- 
ment, with the retina remaining 
attached. Three patients underwent 
prophylactic photocoagulation, with 
one patient noted to have extension of 
the tear 2 weeks following surgery. In 
four patients, recurrent retinal de- 
tachment was treated with fluid-gas 
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ge 
agulation. In three of these patients, 
retinal detachment recurred from a 
leak at the end of the giant retinal 
tear. In one patient who was initially 
treated without scleral buckling, a 
localized retinal detachment devel- 
oped in an area opposite the supero- 
emporal giant retinal tear, and was 
reated with segmental scleral buck- 
ng. One patient underwent a vitrec- 
tomy revision for macular pucker. 
|... Excluding the patient with severe pre- 
_ operative proliferative vitreoretino- 
pathy, 4 of the remaining 16 patients 
progressed to grade D proliferative 
vitreoretinopathy. A lensectomy with 
a vitrectomy revision and/or a scleral 
~ . buekle was required in all four 
=- patients. In two eyes, perfluorocarbon 
sk. liquids were used a second time to 
stabilize the retina mechanically dur- 
. ing membrane dissection. Following 
additional surgery, the retinas of 
three eyes were eventually reat- 
~ tached. 
.. Overall, 16 (94%) of the 17 eyes in 
this series were reattached at the last 
follow-up examination. Five patients 
(29% ) were reattached without scleral 
- . buckling. The visual results are sum- 
. marized in the Table, with 15 of 17 
eyes. regaining 20/400 visual acuity or 
better. In one patient, posterior slip- 
page of the giant retinal tear was 
observed, but the fold did not traverse 
e macula, and postoperative visual 
acuity was 20/60. 
z - Postoperative anterior segment 
~~~ complications were found in two 
patients. One patient developed a 
nuclear cataract that required extra- 
capsular cataract extraction with pos- 
terior chamber lens implantation. 
One patient with corneal scarring 
from penetrating trauma underwent a 
.. penetrating keratoplasty. One patient 
| with traumatic avulsion of the lens 
-and iris from penetrating ocular trau- 
a developed glaucoma that was con- 
trolled medically. 
. Postoperatively, small droplets of 
perfluorocarbon liquid were observed 
-in four patients. In two patients, small 
^. droplets of perfluorocarbon liquid 
<- were freely mobile on the surface of 
the retina. In both patients, small 
droplets were removed during reoper- 
ation for retinal detachment. Howev- 
er, in one patient, small droplets of 
perfluorotributylamine were observed 
= in the anterior chamber angle 20 
. months postoperatively. These three 
clear droplets measured approximate- 
50 um in diameter and did not 
any inflammatory reaction. In 
ient, a small droplet of per- 
-octane was adherent to the 
Or. Aspect of the scleral buckle 
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ry therapy or photoco- 


and disappeared after 8 months. In 


one patient, a small droplet of per- 
fluorodecalin was observed postopera- 
tively subretinally in the paramacular 
area (Fig 4). The patient had com- 
plained of a paracentral scotoma but 
maintained postoperative visual acu- 
ity of 20/25. At 6 months, a visual 
field examination revealed a scotoma 
that corresponded to the area where 
the liquid perfluorocarbon had set- 
tled. There was no underlying retinal 
pigment epithelium abnormality or 
retinal abnormality noted adjacent to 
the droplet of perfluorocarbon liquid. 


COMMENT 


In all 17 eyes, the perfluorocarbon 
liquids unfolded the inverted flap of 
the giant retinal tear and flattened 
the retina intraoperatively. As the 
perfluorocarbon liquid was infused up 
to the posterior edge of the tear, the 
retina was repositioned closely to its 
original location. Only a small gap of 
bare retinal pigment epithelium was 
exposed. Posterior retinotomy for 
drainage of subretinal fluid was not 
necessary because the high specific 
gravity of the perfluorocarbon fluid 
displaced all subretinal fluid anterior- 
ly. In giant tears that were compli- 
cated by proliferative vitreoretinopa- 
thy, the perfluorocarbon liquid pro- 
vided temporary mechanical stabili- 
zation during membrane dissection. 

With expanding gas techniques, 
eryotherapy is applied to an area of 
bare retinal pigment epithelium 
before the gas bubble is used to unfold 
the tear and flatten it.**’** The per- 
fluorocarbon liquid technique first 
replaces the retinal tear against the 
pigment epithelium, offering several 
advantages. During cryotherapy, in- 
travitreal dispersion of the retinal 
pigment epithelium® is minimized, 
and gravitational migration of loos- 
ened pigment epithelial cells under 
the macula is avoided. Since the reti- 
nal tear is held in place, cryotherapy 
application is more precise, and exces- 
sive treatment is minimized. Posteri- 
or slippage of the tear does not occur 
during treatment. Localization for 
scleral buckle placement is easier 
when the posterior edge of the tear is 
flattened. The interface of the per- 
fluorocarbon liquid can be visualized 
throughout the operation, and the flu- 
id is removed passively with the flute 
needle. 

Current surgical techniques for 
giant retinal tears that employ prone 
fluid-gas exchange with gases or 
internal tamponade techniques with 
silicone oil have reported long-term 
retinal reattachment rates that have 
ranged from 48% to 90%.2+745 The 








































fluorocarbon. liquids issists in suri 
cal manipulation. of the retina and. 
complements either technique. If air- 
gas mixtures are planned for postop- 
erative retinal tamponade, the use of 
perfluorocarbon liquids allow the. 
patient to be maintained i inthesupine 
position, and prone fluid-gas ex- 
change can be avoided intraoperative 
ly. In this series, the patients were 
turned at the end of the operation. In - 
some patients, slight posterior slip 
page of the retinal tear occurred dur- 
ing air-fluid exchange and was 
thought to result from the elasticity 
of the internal limiting membrane 
that caused the edge of the tear to curl - 
inward. The slippage was corrected 
after the patient was turned. In one - 
patient, a retinal fold from posterior 
slippage of the giant tear was noted - 
on the second postoperative day. The . 
fold did not involve the macula, and . 
the tear was treated with additional 
photocoagulation. With the silicone - 
oil technique, the edge of the tear is - 
gently pulled under the meniscus of — 
the oil bubble which holds the tear in. 
position while fluid-oil exchange is 
completed." The edge of the. te 
may be torn by this manuever. 
sionally, posterior retinotom 
required to aspirate the subret 
fluid completely.'^'5 The perfluorocar- E 
bon liquid offers the ability to manip- | 
ulate the tear hydraulically with min- © 
imal trauma to the retinal edge from — 
microsurgical instrumentation. A | 
perfluorocarbon-silicone oil interface — 
is easily visualized as the silicone oil is 
infused into the eye. | 
The experience from this series of _ 
patients supports findings from previ- | 
ous reports that giant retinal tears . 
without proliferative vitreoretinopa- | 
thy can be managed without scleral . 
buckling.” The ability to manipulate - 
and flatten the retina intraoperative- 
ly with perfluorocarbon liquids of- 
fered confidence that the retina would 
be in position postoperatively. Thus, 
an encircling scleral buckle was not - 
thought to offer an added advantage — 
for retinal reattachment. Scleral © 
buckling was not done as part of the 
initial procedure in seven eyes. Five 
patients with tears 180° or larger 
were reattached without scleral buck- | 
ling. Two patients eventually required . 
scleral buckling. One patient devel- : 
oped a localized detachment that was 
treated with a segmental scleral buck- . 
le opposite to t] giant tear. The other — 
patient dev oped severe. proliferative $ 
vitreoretinopathy (grade D1) and was ` 
reattached following lensectomy, vi- - 
trectomy revision, and an encircling | 
scleral buckle: m some situations, the 











presence of a scleral buckle appeared 
to be disadvantageous. Redundant 
-radial folds that result from scleral 
‘buckling may be a factor that causes 
'failure.? Postoperatively, fluid-gas 
exchange was used to manage recur- 
rent retinal detachment. In phakic 
eyes, photocoagulation of the retinal 
periphery through the gas bubble was 
difficult. The presence of a scleral 
buckle limits the ability to apply suf- 
ficient cryotherapy to the break and 
reduces the treatment options. 

With the perfluorocarbon tech- 
nique, the elear lens was usually pre- 
served in phakic eyes. The subluxated 
lens in the patient with Marfan syn- 
- drome was removed at surgery, while 
the remaining eight eyes were left 
phakic. Ultimately, the lenses of two 
patients were removed because of the 
development of recurrent detachment 
with proliferative vitreoretinopathy. 
In one patient, a nuclear cataract pro- 
-— gressed and was extracted 10 months 
-. postoperatively. Thus, at the end of 
the follow-up period, five of eight 
patients eyes remained phakic. In 
phakic eyes, the retinal periphery was 
more difficult to visualize during flu- 
id-air exchange, but the long-term 
reattachment rate was not affected. 

There were no significant differ- 
ences between the three perfluorocar- 
bon liquids in their ability to flatten 
the retina. Each of these compounds 
was purified, and short-term retinal 
toxicity studies in rabbit and pig eyes 
have not revealed retinal toxicity 
when the liquid is removed after 3 
hours (S.C., T. Iwamoto, MD, unpub- 
lished data, 1986). The perfluorodecal- 
in interface was less well seen com- 
pared with the other two compounds. 
Perfluorotributylamine and perfluor- 
odecalin are more viscous than per- 
fluoro-n-octane, but each compound 
could be removed easily with the flute 
. needle. We preferred perfluoro-n- 
-octane because of its low viscosity, 
: visible interface, and the availability 
of a highly purified compound. Per- 
fluoro-n-octane is also advantageous 
because of its lower boiling point and 
higher vapor pressure compared with 
the other two compounds. With this 
compound, small residual amounts 
that remain on the retinal surface will 

vaporize on exposure to air during 
-air-fluid exchange. While perfluoro- 
 n-octane appears to be a satisfactory 
‘compound for use as an intraoperative 
hydraulic tool, our laboratory is con- 
tinuing investigation of other com- 
pounds that may offer additional 
advantages. 

At the end of the follow-up period, 
two patients had small droplets of 
residual perfluorocarbon liquid. The 
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these materials are unknown. The 
droplets have not resulted in any clin- 
ically observable inflammatory ef- 
fects in the anterior chamber angle or 
in the retinal pigment epithelium. 
Considerable experience with per- 
fluorocarbon liquids used for artificial 
blood replacement suggests that per- 
fluorotributylamine and perfluorode- 
ealin are biologically inert. These 
patients will require long-term obser- 
vation to assess any late adverse reac- 
tions. With the use of perfluoro-n- 
octane and the accumulation of great- 
er surgical experience, the likelihood 
of residual perfluorocarbon droplets 
has been considerably reduced. 


This study was supported in part by research 
grant EY-05982-01 from the National Eye Insti- 
tute, Bethesda, Md, and the Vitreous Research 
Fund, Cornell University Medical College, New 
York, NY. 

Dr Chang and the Cornell University Medical 
College have applied for patent rights concerning 
the intraoperative application of perfluorocar- 
bon liquids in complicated retinal detachments. 
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New Instruments 
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Ultrasound Spatula 


Tsutomu Hara, MD, Takako Hara, MD 


e A spatulalike tip is made from a 
0.9-mm ultrasound (Fragmatome) tip. It is 
attached to a Fragmatome handpiece and 
used with ultrasound vibration at an inten- 
sity of about 6 W/cm’. (An infusion needle 
[May Needle] is used as a separate irrigat- 
ing instrument.) Because the apex of the 
tip is rounded and lacks a simultaneous 
aspirating function, there is almost no 
danger of damaging the capsule if used 
carefully. This instrument is useful for 
dissecting the cataract to remove it 
~ through a smaller capsular incision, and in 
removing lens epithelial cell by applying it 
from the outer surface of the anterior 
capsule without damaging the capsule. 

(Arch Ophthalmol 1989;107:767-768) 


W hen refilling the lens in endocap- 
sular cataract surgery, preserva- 
tion of the capsular bag with an 
extremely small opening is essential. 
Laser phacoablations are being devel- 
oped'^; however, they are experimen- 
tal. Techniques developed for soft ani- 
mal lenses cannot be used for the hard 
human cataract without qualitative 
modification.’ In clinical use, endocap- 
‘Sular phacoemulsification and aspira- 
tion is the most established technique, 
and we have developed it to the point 
where a hard human cataract can be 
removed through a 1.5- to 2.5-mm 
anterior capsular opening (an article 
on recent results is in preparation). 
However, the technique still requires 
skills based on extensive experience. 
Apart from endocapsular phaco- 
emulsification and aspiration, current 
cataract surgery aims to remove the 
cataract through a smaller capsular 


opening,’ and maintenance postopera- 
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tive transparency of the more widely 
retained anterior capsule becomes 
important. We have previously clari- 
fied the role of the lens epithelial cells 
in the anterior capsular opacity and 
the necessity of lens epithelial cell 
removal. 

Therefore, procedures by which sur- 
geons can reduce the volume of the 
cataract inside the capsular bag and 


remove the lens epithelial cells easily 
and safely are extremely important in 
modern cataract surgery. The ultra- 
sound spatula was invented for this 
purpose. 


STRUCTURE AND FUNCTION OF THE 
SPATULA 
The spatula was constructed as follows 
(Fig 1). A 0.9-mm ultrasound (Fragma- 
tome) tip (CooperVision Co, Irvine, Calif) 


Fig 1.— Designing of ultrasound spatula from 0.9-mm ultrasound (Fragmatome) tip. 
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Fig 2.—Ultrasound spatula. Top, Spatula attached to ultrasound (Fragmatome) handpiece. 


Bottom, Apex of tip. 


was dissected and the remaining quarter 
was flattened. Next, the head of the spatu- 
la was rounded. In this manner a complete- 
ly new spatula was made. Like the ordi- 
nary ultrasound tip, it is attached to an 
ultrasound handpiece (Fig 2). The spatula 
is used with ultrasound vibration at an 
intensity of around 6 W/cm’. The cavity in 
the base of the spatula is used only for 
aspiration of the irrigating solution in the 
anterior chamber. 

Using vibration, the following two func- 
tions can be performed. First, the hard 
human cataract can be dissected easily 
without applying pressure to the lens 
material (Fig 3). Because the apex of the 
tip has no simultaneous aspirating func- 
tion associated with fragmentation, there 
is less danger of accidental aspiration and 
breaking of the capsule. Removal of the 
crushed lens material is accomplished by 
spontaneous leakage through the small 
anterior capsular opening and the sclero- 
corneal incisions, or by subsequent frag- 
mentation with an ordinary 0.9-mm ultra- 
sound tip. When the cataract is sliced into 
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larger pieces, it can be removed with for- 
ceps. Irrigation is performed with a sepa- 
rate 20-gauge infusion needle (May nee- 
dle). 

Second, by gently touching the outer 
surface of the anterior capsule with the 
vibrating tip, the lens epithelial cells are 
detached easily and disappear from the 
anterior capsule (dusting procedure). 

The tip can also be used as a simple 
spatula without ultrasound. Thus, it can 
rotate the lens inside the bag safely. 


COMMENT 


Although this tip was initially 
designed for detaching the cortex 
from the lens capsule through a 1.5- 
mm anterior capsular opening during 
endocapsular phacoemulsification 
and aspiration, it can be used for 
various purposes. By slicing the cata- 
ract into small pieces, surgeons who 
have less experience with phacoemul- 
sification can use it for reducing the 
size of cataract in the bag in planned 
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Fig 3.—Ultrasound spatula in position. Spatu- 
la (double arrowheads) is inserted into capsu- 
lar bag and cataract is sliced and crushed. On 
left is separate infusion needle (May needle) 
(arrowhead). 


extracapsular cataract extraction 
when performed through a relatively 
small capsular incision. For lens epi- 
thelial cell removal, the tip is 
extremely advantageous in that it can 
be used from the outer surface of the 
anterior capsule. However, surgeons 
have to be careful not to apply it to the 
peripheral area due to the possibility 
of damaging the zonules. For the area 
close to the equator, the combination 
of eryopexy from outside and subse- € 
quent removal from inside by ultra- 
sound aspiration®’ or direct contact 
with this tip from inside may be pref- 
erable. Although the present tip is 
designed to be attached to a Fragma- 
tome handpiece, it can be used with 
any type of ultrasound machine with 
slight modification. 


We hold patent rights to this ultrasound spat- 
ula (Ultrasound phacodissectome). It can be 
obtained from the Inami Co, Hongo-ku, Tokyo. 
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A Modified Fascia Needle 


Don Liu, MD 


@ A new fascia needle has been de- 
signed. It is considerably easier to handle 
and does not have any of the problems 
surgeons typically encounter with the 
Wright needle. 

(Arch Ophthalmol 1989;107:769) 


enerally, when an ophthalmic sur- 

geon performs a fascia lata sling 
to correct ptosis, he uses a Wright 
needle (Fig 1). However, many sur- 
geons encounter difficulties in han- 
dling this instrument, including rock- 
ing, wobbling, and slippage of the 
needle. At times, it is difficult to 
control the needle’s exact direction 
and its depth of tissue penetra- 
tion. To eliminate these problems, I 
modified this device. The new instru- 
ment is considerably easier to han- 
dle. 

The new fascia needle has a flatter 
curvature. In the midportion it has a 
platform, and toward the end, a hook. 
A surgeon can rest his or her thumb 
comfortably on the platform, with the 
index finger underneath and the oth- 
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Fig 1.—Wright Needle. 





Fig 2.— Modified fascia needle. 


er fingers around the hook (Fig 2). 
With this grip one can easily control 
the direction and depth of tissue pen- 
etration by the needle. I have used 
this instrument on five patients and 
found it beneficial. 


These needles are available from 
Storz Instruments (St Louis) and 
come in two sizes, adult and pediat- 
ric. 


The author does not have any financial inter- 
est in this instrument. 
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. Since 1 out of every 20 people has diabetes, you prob- 
. ably know someone who lives with tt. 
But what you probably don't know is what it’s like to 

- deal with diabetes: to have to stick to a diet every single 

- day; to constantly monitor your blood sugar level; or to 

. take insulin injections several times daily. 

c. And you probably didn't know that diabetes can lead — - 
. to other diseases, like heart disease, kidney disease and 

- blindness. 

Or, that every year 150,000 die. 

— .. Help us find a cure for diabetes. Before you know 

. someone who dies from it. 
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“| go from the studio one day to location the 
next. Then into the darkroom or back to my 
office. The only way | can keep a schedule is 
to see it in front of me. Thats how | know 
what to do next!" 


Out of sight, out of mind. It's a time- 
worn expression, but one that still holds 
important implications for proper dosing. 

For many patients, a simple visual 
cue can go along way to prompt the 
next dose. 

Since 1980, Propine has provided 
glaucoma patients with twice-daily IOP 
control. But now, with the addition of 
Allergans exclusive C Cap, Propine can 
add a compliance advantage to your 
therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, and 

- Minimizes confusion for patients 

on multidose therapy or multiple 
medications. 

Propine with C Cap is available in 
5 mL and 10 mL bottles. 

Please see adjacent page for brief 
summary of prescribing information. 





Propine" (aipivetrin HC! 


WA mss  : sterile ophthalmic solution, 
Ppn" ^ USP, 0.1% with 
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ENCOURAGE COMPLIANCE. 
PROPINE* WITH C CAP" 


Propine with C Cap encourages proper dosing by: 
e Tracking next dose to be taken, and 


* Minimizing confusion for patients on multidose 


therapy or multiple medications. 


PROPINE*(dipivefrin HC) 


sterile ophthalmic solution, USP, 0.1% with 


C CAP r Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial 
therapy forthe control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure 
reductions ranging from 20-24%. Therapeutic response to 
Propine twice daily is somewhat less than 2% epinephrine twice 
daily. Controlled studies showed statistically significant differ- 
ences in lowering of intraocular pressure between Propine and 
276 epinephrine. In controlled studies in patients with a history 
of epinephrine intolerance, only 3% of patients treated with 
Propine exhibited intolerance, while 55% of those treated with 
epinephrine again developed intolerance. Therapeutic 
response fo Propine twice daily therapy is comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels for the 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
produce. The blurred vision and night blindness often 
associated with miotic agents are not present with Propine 
therapy. Patients with cataracts avoid the inability to see around 
lenticular opacities caused by constricted pupil. CONTRA- 
INDICATIONS: Propine® should not be used in patients with nar- 
row angles since any dilation of the pupil may predispose the 
patient to an attack of angle-closure glaucoma. This product 
Is contraindicated in patients who are hypersensitive to any 
of its components. PRECAUTIONS: Aphakic Patients. Macular 
edema has been shown to occur in up to 30% of aphakic 
patients treated with epinephrine. Discontinuation of 
epinephrine generally results in reversal of the maculopathy. 
Pregnancy: Pregnancy vi eal B. Reproduction studies have 
been performed in rats and rabbits at daily oral doses up to 
10 mg/kg body weight (5 mg/kg in teratogenicity studies), and 
have revealed no evidence of impaired fertility or harm to the 
fetus due to dipivefrin HCI. There are, however, no adequate 
and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in Chil- 
dren. Clinical studies for safety and efficacy in children have 
not been done. Animal Studies. Rabbit studies indicated a dose- 
related incidence of meibomian gland retention cysts follow- 
ing topical administration of both dipivefrin hydrochloride and 
epinephrine. ADVERSE REACTIONS: Cardiovascular Effects. 
Tachycardia, arrhythmias and hypertension have been reported 
with ocular administration of epinephrine. Local Effects. The 
most frequent side effects reported with Propine alone were 
injection in 6.5% of patients and burning and stinging in 6%. 
Follicular conjunctivitis, mydriasis and allergic reactions to Pro- 
pine have been reported infrequently. Epinephrine therapy can 
lead to adrenochrome deposits in the conjunctiva and cornea. 


© ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, CA 92713 
©1989 





Oregon Lions Sight & Hearing Institute 
(Devers Eye Clinic) 


and the 


Department of Ophthalmology 
Good Samaritan Hospital & Medical Center 


announce a conference on 


Ophthalmology in a 
Changing World 
June 15-16, 1989 





Oregon Lions Sight & Hearing Institute 
1040 N.W. Twenty-Second Avenue 
Portland, Oregon 





FACULTY 


Jerome Bettman, M.D., Woodside, Ca. 
Henry M. Clayman, M.D., Miami, Fl. 
David L. Guyton, M.D., Baltimore, Md. 
Peter R. Laibson, M.D., Philadelphia, Pa. 
Robert G. Webster, M.D., San Francisco, Ca. 


FEES 
Practicing Physicians: $245 if paid by June 1 
$270 thereafter 
Residents, Fellows:* — $110 if paid by June 1 


$125 thereafter 
"(Qualifying letter from department head required) 


This program is acceptable in Category | credit for the 
Physicians Recognition Award of the American Medical 
Association. 


For further information, contact: 


Dorothy D. Spier, Conference Coordinator 
Oregon Lions Sight & Hearing Institute 

1040 N.W. Twenty-Second Avenue, Box N-200 
Portland, Oregon 97210-3065 


(503) 229-7601 or Toll Free 1-800-433-3122 


Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusion in the list free of charge. Listings will be published for three consecutive 
months and should be received at least two months prior to date of course, eg, by Jan 1 to be 
included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month's issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA COLORADO 


Doheny Eye Inst & Jules Stein Eye Inst Course: 
Ocular Tumors At: Los Angeles Date: 5/12/89 
Hrs Instr: 8 Contact: Dave Carpenter, Coordi- 
nator, Doheny Eye Inst, 1355 San Pablo St, Los 
Angeles, CA 90033 


Ninth Ann Current Concepts in Ophthalmol At: 
San Diego Dates: 6/23/89 to 6/25/89 Contact: 
San Diego Eye Bank, 4077 Fifth Ave, San 
Diego, CA 92103-2180; (619)260-7299 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 1/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford 
94305 


Seventy-Fourth Ann Summer Mtg At: Snowmass 
Village Dates: 7/1/89 to 7/5/89 Hrs Instr: 16 
Contact: Carol Goddard, Box 4834, Englewood, 
CO 80155; (303) 770-6048 


GEORGIA 


Fifth Biennial Contact Lens Seminar At: Atlanta 
Dates: 6/15/89 to 6/17/89 Reg Fee: $300 Hrs 
Instr: 19 Contact: CME, Emory Univ Sch of 
Med, 1440 Clifton Rd, NE, Atlanta, GA 30322; 
(404)727-5695 


HAWAII 


Glaucoma, Pediatric Ophthalmology, & Neuro- 
Ophthalmology At: Kamuela Dates: 8/5/89 to 


8/12/89 Hrs Instr: 28.5 Contact: B. J. Johnson, 
USC Sch of Med, 1975 Zonal Ave, KAM 314, Los 
Angeles, CA 90033; (213)224-7051 


ILLINOIS 


Chicago Ophthalmol Soc Update Conf at: Chica- 
go Dates: 5/25/89 to 5/26/89 Hrs Instr: 10 
Contact: Julie Hughes, 515 N Dearborn St, 
Chicago 60610; (312)670-2583 


Second Ann UIC Eye Ctr Contact Lens Course: 
Basic & Advanced Topics At: Chicago Dates: 
6/23/89 to 6/24/89 Reg Fee: $100 each day 
Contact: Contact Lens Conf Registrar, UIC 
Conf & Institutes, Box 6998, Chicago, IL 60680; 
(312)996-5225 


MAINE 


Fourteenth Ann Sem in Ophthalmol: Vitreoreti- 
nal Dis & Surg At: Waterville Dates: 7/23/89 to 
1/21/89 Hrs Instr: 18 Contact: R. H. Kany, 
Colby Coll, Waterville, ME 04901; (207)872- 
3386 


MARYLAND 


Nineteenth Ann Meet of the Retinal Vascular Ctr 
At: Baltimore Date: 7/28/89 Reg Fee: $200, 
$100 res & fellows Hrs Instr: 8 Contact: Prgm 
Coord, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-2959 


Nineteenth Ann Mtg Wilmer Institute At: Balti- 
more Date: 7/28/89 Hrs Instr: 8 Contact: Office 
of CME, The Johns Hopkins Medical Institu- 
tions, Turner 57, 720 Rutland Ave, Baltimore, 
MD 21205-2195; (301)955-2959 


CANADIAN IMPLANT ASSOCIATION 
FIFTEENTH ANNUAL MEETING 
DELTA HOTEL, MONTREAL 
June 2,3 1989 


THEMES 


INNOVATIONS AND CONTROVERSIES IN OPHTHALMOLOGY 
CATARACT, IMPLANT AND ENDOCAPSULAR SURGERY, 
MULTIFOCAL IMPLANTS 
THERMO, PHOTO AND SURGICAL REFRACTIVE SURGERY, 
OPTIC NERVE SHEATH DECOMPRESSION 


INVITED SPEAKERS 
Special guests: Prof. Svyatoslav N. Fyodorov and 


Prof. Marguerite Mc Donald 


Mr. Piers Percival, London 
Dr. Kelman Wasnia, Belgium 
Dr. Bruce Jackson, Montreal 
Dr. John Buski, Edmonton 
Dr. Brian Leonard, Ottawa 
Dr. Nickolai Plvovarov, Moscow 
Dr. Peter Davis, Montreal 

Dr. Georges Baikoff, France 
Dr. Brian Younge, Rochester 
Dr. Don Boyaner, Montreal 
Dr. Harold Stein, Toronto 


SPECIAL PROGRAMS (Limited enrollment) 


Dr. Mathias Zirm, Austria 

Dr. Thomas Spoor, Detroit 

Dr. J.P. Demers, Montreal 

Dr. Marvin Kwitko, Montreal 

Dr. Steve Arshinoff, Toronto 

Dr. Eleonora Egorova, Moscow 
Dr. Camille Budo, Belgium 

Dr. Jacques Gregoire, Sherbrooke 
Dr. Leon Solomon, Montreal 

Dr. Bruce Lennox, St-Catherines 
Dr. Duncan Anderson, Montreal 


Physicians 


After May 1, 1989 

Senior Ophthalmologists (over 65 yrs.) 
Ocular professionals 

Endocapsular Phako/Soft Implant Wet Lab 


$150.00 
$175.00 
$100.00 
$100.00 
$250.00 


Radial Keratotomy (myopia) 


Students 


Name 


Address 


- Small incision foldable implants with endocapsular course/wet laboratory. 


— Radial Keratotomy / Thermokeratoplastic Course with Prof. Fyodorov. 


State 


— Optic Nerve Sheath Decompression Course, Dr. Spoor 


Thermokeratoplastic Course (hyperopia) 
Optic Nerve Sheath Decompression Course 
O.R. Nurses / Technicians 


Residents (With letter from Chief of Service ) 


Assume confirmation with your cancelled cheque. 
Official recept issued at meeting. Category 1 credits pending. 


$1000.00 
$100.00 
$50.00 
$25.00 
$50.00 


SYMPOSIUM REGISTRATION FORM 


Return this form with cheque payable to the "Canadian Implant Association" to: 
Dr. M.L. Kwitko, Program Chairman 


5591 Cóte des Neiges Road, Suite #1 
Montreal, Canada H3T 1Y8 — Tel.: (514) 735-1133 


Specialty 
City 
Zip or Postal Code 





MICHIGAN 


Recent Advances in Cornea, External Disease & 


Cataract: 61st Ann Spring Conf At: Ann Arbor 


Dates: 5/19/89 to 5/20/89 Hrs Instr: 13 Con- 
tact: Betty Phillips, Prog Asst, Office of CME, 
Towsley Center, Box 0201, Univ of Mich Med 
Sch, Ann Arbor 48109; (313) 763-1400 


Symp of Technological Advances in Ophthal- 
mology At: Detroit Dates: 6/2/89 to 6/3/89 
Contact: David D. Borgorad, MD, or Leslie 
Fisher, PhD, Prgm Dirs, Ophthalmology Dept, 
Henry Ford Hosp, Detroit, MI 48202; (313)876- 
3241 


NEW YORK 


Fluorescein Angiography, Basic & Applied Top- 
ics At: Garden City Date: 6/7/89 Hrs Instr: 7 
Reg Fee: residents, $150, fellows, $75 Speak- 
ers: Drs Stuart Fine, J. Donald M. Gass, A. M. 
Hamilton Contact: Ann J. Boehme, CMP, 
CME, Long Island Jewish Med Ctr, New Hyde 
Park, NY 11042; (718)470-8650 


Cornell Advanced Vitreous Surg Course At: New 
York Dates: 6/8/89 to 6/10/89 Contact: Eliza- 
beth Nohilly, New York Hospital, Starr-817, 
520 E 70th St, New York, NY 10021 


OHIO 


Eighteenth Ann Ophthalmol Symp At: Cleveland 
Dates: 6/16/89 to 6/17/89 Contact: The Cleve- 
land Clin Ed Foundation, Dept of CME, 9500 
Euclid Ave, Rm TT31, Cleveland, OH 44195; 
(800)762-8172 (in Ohio); (800)762-8173 





Sponsored by 


EYE RESEARCH INSTITUTE 


and 


MASSACHUSETTS EYE & EAR INFIRMARY 





Basic and clinical research 


by Dr. James V. Aquavella. 


Registration fee $125 (includes lunches and 
banquet; banquet guest fee $45 ). 
may attend conference only at no charge with 


letter from program preceptor. 


Submit 150 word abstract by June 15, 1989 to: 


Kenneth R. Kenyon, MD 


Massachusetts Eye & Ear Infirmary 
oston, MA 02114 


243 Charles St., 





by July 15, 1989 to: 


SIXTEENTH CORNEA AND CONTACT LENS 


RESEARCH CONFERENCE 


September 21-23, 1989 
Boston, MA. 


reports on all 
cornea and contact lens-related subjects. The 
Third Dohlman Lecture in Cornea Research 


Remit by check (payable to Cornea Conference) 


Paul Eisenstat (same address) 









Ninth Ann Resident Alumni Res Symp At: Colum- 
bus Date: 6/10/89 Contact: Maureen A. Meck, 
Symp Coord, The Ohio State Univ Dept of 
Ophthalmol, 456 W 10th Ave, Columbus, OH 
43210; (614)293-8159 


OKLAHOMA 


Thirteenth Ann Meet Christian Ophthalmol Soc 
At: Oklahoma City Dates: 5/15/89 to 5/18/89 
Contact: Bradley K. Farris, MD, Dept of Oph- 
thalmol, Univ of Oklahoma, 608 Stanton L. 
Young Blvd, Oklahoma City 73104 


Second Ann Neuro-Ophthalmol Course At: Okla- 
homa City Date: 6/2/89 Hrs Instr: 6 Reg Fee: 
$175 Contact: Office of CME, Box 26901, 
3SP511, Oklahoma City 73190 


OREGON 


Ophthalmology in a Changing World At: Port- 
land Dates: 6/15/89 to 6/16/89 Contact: Doro- 
thy D. Spier, Conf Coord, Oregon Lions Sight & 
Hearing Institute, 1040 NW 22nd Ave, Box 
N-200, Portland, OR 97210-3065; (503)229-7601 
or (800)433-3122 


WASHINGTON 


Resident-Alumni Day At: Seattle Date: 6/3/89 
Reg Fee: None Hrs Instr: 7 Contact: University 
of Washington, Dept of Ophthal, Seattle, WA 
98195 


FOREIGN 


Neuro-Ophthalmol Conf At: Southampton Prin- 
cess, Bermuda Dates: 5/25/89 to 5/29/89 Hrs 
Instr: 18 Sponsors: Med Ctr & Div of Ophthal- 

















Trainees 

















RONALD BURDE, M.D. 
Professor of Ophthalmology 
and Neurology 


Albert Einstein Medical School 


mol, North Shore Univ Hosp Contact: Ann J. 
Boehme, CME, Long Island Jewish Med Ctr, 
New Hyde Park, NY 11042; (718)470-8650 


Tenth Ann Symp of the International Res Group: 
Color Vision Deficiencies At: Cagliari (Sardin- 
ia), Italy Dates: 6/25/89 to 6/28/89 Reg Fee: 


$120 Sponsor: Univ of Cagliari Contact: Prof * 


Antonina Serra, Via Belgrado 5, I-09047 Selar- 
gius-Cagliari, Italy 


Fifteenth Ann Mtg Canadian Implant Assn At: 
Montreal Dates: 6/2/89 to 6/3/89 Contact: 
Marvin L. Kwitko, MD, Prgm Chairman, 5591 
Cóte des Neiges Rd, Montreal, Quebec, Canada 
H3T 1Y8; (514)735-1133 


Seventh Biennial Canadian Contract Lens & 
Anterior Segment Conf At: Toronto Dates: 
5/26/89 to 5/28/89 Contact: Harold A Stein, 
MD, 170 Bloor St, W, #210, Toronto, Ontario, 
Canada; (416) 966-3336 


Twenty-Seventh Symp of the Internati Soc for 
CI Electrophysiology of Vision At: Dresden 
Dates: 6/4/89 to 6/8/89 Contact: Prof Dr Se 
Med Renate Hanitzsch, Carl-Ludwig-Institute 
of Physiology, Liebigstr 27, Leipzig 7010, 
Germany 


Twenty-second Panhellenic Ophthalmol Congr 
At: Athens, Greece Dates: 5/25/89 to 5/28/89 
Contact: Prof John Koliopoulos, 10, Loukianou 
St, 106 75 Athens, Greece; (01) 72.30.841 


Third Internati Cataract, Implant, Microsurgical 
& Refractive Keratoplasty Mtg At: Fukuoka, 
Japan Dates: 5/27/89 to 5/28/89 Sponsor: 
Asia-Pacific Intraocular Implant Club Con- 
tact: Fumihiko Hayashi, MD, Hayashi Eye 
Hosp, 4-7-13 Hakataekima, Hakata-ku, Fukuo- 
ka, 812, Japan: (092) 431-1680 


The University of Southern California 
School of Medicine-Postgraduate Division 
and the Department of Ophthalmology 


presents 


GLAUCOMA, PEDIATRIC OPHTHALMOLOGY 
AND 
NEURO-OPHTHALMOLOGY 


August 5-12, 1989 


Mauna Kea Beach Hotel 
Kamuela, Hawaii 


GUEST FACULTY 


RICHARD PARRISH, M.D. 
Associate Professor of 
Ophthalmology 
University of Miami 
School of Medicine 


USC FACULTY 


Donald S. Minckler, M.D., Course Director, Professor of Ophthalmology 

George Baerveldt, M.D., Associate Clinical Professor of Ophthalmology 

Mark Borchert, M.D., Assistant Professor of Ophthalmology and Neurology 

Steven E. Feldon, M.D., Associate Professor of Ophthalmology & 
Neurological Surgery 

Dale K. Heuer, M.D., Assistant Professor of Ophthalmology 

James F. Martone, M.D., M.P.H., Assistant Professor of Ophthalmology 
and Preventive Medicine 

A. Linn Murphree, M.D., Associate Professor of Ophthalmology 

Alfredo A. Sadun, M.D., Associate Professor of Ophthalmology 
and Neurological Surgery 

Kenneth W. Wright, M.D., Associate Professor of Ophthalmology 


28.5 Category | AMA/CMA Hours 


Tuition: $565.00 


Information: USC Sch of Med, B.J. Johnson, 1975 Zonal Ave., KAM 
314, Los Angeles, CA 90033. (213) 224-7051. 





The Retinal Vascular Center 
The Wilmer Institute 
49th Anniversary Meeting 


THE MACULA-  — 
CONTEMPORARY TOPICS - 


July 28, 1989 
Baltimore, Maryland 


The 19th Anniversary Meeting of the Retinal Vascular Center will focus on contemporary topics. Feà 
are Dr. Morton F. Goldberg, the new Director of the Wilmer Institute, and Dr. Lee M. Jampol, Professo 
man at Northwestern University. In addition to lectures, each of the four sessions will include presen 
teresting cases for discussion by faculty and registrants. This format, always popular with the audience, greatly er 
the learning process. 2 

| Topics: 

Retinal and Choroidal Manifestations of What's New in Retinitis Pigmentosa? : 
 Collagen-Vascular Disorders Optic Nerve Lesions With Macular Involvement 
‘linical Manifestations of PHPV Tumors Affecting the Macula 
etinal Vasculopathies with Macular Sequelae Clinicopathologic Correlation of 
lacular Photocoagulation Study Update: Selected Maculopathies 
Persistance and Recurrence After Laser 

Treatment for Choroidal Neovascularization 

Management of Difficult Cases of Choroidal 

Neovascularization 
| Management of Foveal Lesions and 
^. Poorly Defined Leakage 


The Macula in Pregnancy 
Retinal Complications of AIDS 
Macular Hole: The Second Eye 


Guest Faculty: 


“Lee M. Jampol, M.D. - Professor and Chairman, 
-Department of Ophthalmology, Northwestern University 


Vilmer Institute Faculty: 
Stuart L. Fine, M.D., Course Director Morton F. Goldberg, M.D. Arnall Patz, M.D. ru 
Neil M. Bressler, M.D. W. Richard Green, M.D. Patricia M. Quinlan, M.D. - 
Susan B. Bressler, M.D. Douglas A. Jabs, M.D. Andrew P. Schachat, M.D. 
Serge de Bustros, M.D. Maureen G. Maguire, Ph.D. Janet S. Sunness, M.D. 
Daniel Finkelstein, M.D. Robert P. Murphy, M.D. Julia Haller Yeo, M.D. 


Location: For Further Information: 
Thomas B. Turner Building Office of Continuing Education 
-The Johns Hopkins Medical Institutions The Johns Hopkins Medicai Institutions 
Baltimore, Maryland Turner 57 
oe 720 Rutland Avenue 
Baltimore, Maryland 21205-2195 
(301) 955-2959 


The Johns Hopkins Medical Institutio nS 


















prednisolone acetate 196, gentamicin sulfate 3 mg/mL base) 
 Liquifilm? sterile ophthalmic suspension 


- DESCRIPTION: Pred-G Liquifilm sterile ophthalmic Suspension is a topical anti-inflam- 
. matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
-Risolone acetate: 116,17 21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
_ Sulfate is the sulfate salt of gentamicin C4. gentamicin Co, and gentamicin C14 which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
. (microfine suspension) 1.096, gentamicin sulfate equivalent to 0.396 gentamicin base with: 
--Liquifiim® (polyvinyl alcohol) 1.4%; benzalkonium chloride 0.00596; edetate disodium: 
hydroxypropyl methylcellulose; polysorbate 80; sodium citrate, dihydrate; sodium chloride; 
sodium hydroxide and/or hydrochioric acid to adjust the pH; and purified water. CLINICAL 
TARMAC : Corticosteroids suppress the inflammatory response to a variety of agents 
-ånd they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
| mechanism against infection, a concomitant antimicrobial drug may be used when this 
] inhibition is considered to be clinically significant in a particular case. The anti-infective 
.| component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
. | Organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
| Streptococci, Streptococcus pneumoniae, Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Nelsseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
| infection exísts. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coll, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungai 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspensionis always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
| defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion, Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections, In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. if these 
| products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution, Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. it should never be injected 
Subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
Steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation: and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instil! one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0.3% base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 409C (1049F) and above. Protect from freezing. Shake well before using. 
| Caution: Federal law prohibits dispensing without prescription. 
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“If yowre using IOLAB lenses, no problem. 


But if vou're us 


another manufacturer's 


lenses, there's possibly a significant problem? 


Significant is right! With the elimination of certain adjunct 
lenses and the limited availability of modified core lenses, 
many ophthalmologists may face an interruption of their 
current lens supply. 


m All| intraocular lenses that are premarket approved or 
have appropriate premarket approval applications 
submitted to the FDA by December 31, 1988 will not be 
affected by the policy changes. Lenses which do not 
meet these conditions however will be reclassified to a 
modified core status, thereby affecting their availability. 


a Modified core lens availability will vary on a case by 
case basis. These lenses are limited to an average 
national implant rate of 75 a month or a modified 
core status total of 2,200 lenses nationwide over a 
29 month period, at which time Pre-Market Approval 
may be granted. 


m FDA policy changes will not affect the availability of 
any lens from IOLAB and there wil be no change 
in clinical reporting. 


m |OLAB continues to have more clinically proven safe 
and effective lenses available than any other 
manufacturer to meet your needs. 


= |OLAB can assist you in maintaining a consistent lens 
supply and minimize the potential impact on your 
practice as these new regulations are implemented. 


IOLAB has other programs and services to assist you in 
a world of rapidly changing government regulation. 


8 Product Bundling—^ll |OLAB Pharmaceuticals, 
Intraocular and SITE Microsurgical products are 
available for greater convenience and cost efficiencies. 


= Reimbursement and Compliance—A comprehensive 
reimbursement program to ensure maximum efficiency 
and effectiveness in complying with ongoing 
reimbursement changes. 


And, of course, we offer the largest variety of PMA lenses 
available on the market. 


Please contact your local IOLAB Representative to 
determine the impact these FDA regulations will have 
on your practice. 


Look To IOLAB For All 
Your Ophthalmic Needs. 





""Iglau 


a fohmenafohmren company 


IOLAB Corporation, 500 IOLAB Drive, Claremont, CA 91711, 714/624-2020; Customer Service — Toll Free: 800/255-2500 
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IN A WHOLE 
NEW LIGHT. 
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Introducing 
The unique steroid/antibiotic combination 


TM 
iF 


(prednisolone acetate 1%, 
gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


Please 


' see adjacent page for complete prescribing information. 


= ALLERCAN PHARMACEUTICALS 





Published by the American Medical Association June 1989 


O archives of 


phthalmology 


The Archives office is moving... 
Beginning July 1, 1989, all correspondence and manuscript submissions should be sent 
to Morton F. Goldberg, MD, Editor, Archives of Ophthalmology, The Wilmer Institute, The 

Johns Hopkins Hospital, 600 N Wolfe St, Baltimore, MD 21205. 












-At Last: A Standard Electroretinography Protocol M. F. Marmor, G. A. Fishman: 


Controversies in Ocular Prophylaxis of Newborns J. W. Chandler- 


Standard for Clinical Electroretinography M. F. Marmor, G. B. Arden, 
; S. E. G. Nilsson, E. Zrenner 


Vertical Rectus Muscle Transposition and Botulinum Toxin (Oculinum) to Medial 


Rectus for Abducens Palsy A. L. Rosenbaum, B. J. Kushner, D. Kirschen 
Simple Photogrammetric Diagnosis of Optic Nerve Hypoplasia P. E. Romano 
Cerebrospinal Fluid Leakage Complicating Orbital Exenteration A. E. Wulc, 


4$ J. L. Adams, R. M. Dryden 
Orbital Inflammation and Optic Neuropathies Associated With Chronic Sinusitis of 


r intranasal Cocaine Abuse R. A. Goldberg, J. S. Weisman, J. E. McFarland, 
H. R. Krauss, R. S. Hepler, N. Shorr 

Racial Differences in Optic Nerve Head Parameters T. Chi, R. Ritch, D. Stickler 

B. Pitman, C. Tsai, F. Y. Hsieh 

Quantitating the Superior Visual Field Loss Associated With Ptosis D. R. Meyer, 

J. V. Linberg, S. R. Powell, J. Vernon Odom 

Laser Trabeculoplasty in Glaucoma U. Ticho, R. Nesher 


The Grading and Prevalence of Macular Degeneration in Chesapeake Bay Watermen 
| N. M. Bressler, S. B. Bressler, S. K. West, S. L. Fine, H. R. Taylor m" 


The Rate of Sulfur Hexafluoride Escape From a Plastic Syringe M. S. Humayun, 
à T D J. H. Yeo, W. S. Koski, R. G. Michels 
A Family With the Bardet-Biedl Syndrome and Diabetes Mellitus F. Escallon, 


E. I. Traboulsi, R. Infante 
Kaposi Sarcoma of the Conjunctiva and Eyelids Associated With the Acquired 
Immunodeficiency Syndrome J. D. Shuler, G. N. Holland, S. A. Miles, B. J. Miller, |. Grossman 


Pneumocystis carinii Choroidopathy: A New Clinical Entity W. R. Freeman, 
J. G. Gross, J. Labelle, K. Oteken, B. Katz, C. A. Wiley 
Regression of Cytomegalovirus Retinitis With Zidovudine D. R. Guyer, D. A. Jabs, 


| A. M. Brant, W. E. Beschorner, W. R. Green 

Exposure to Sunlight and Other Risk Factors for Age-Related Macular Degeneration 

S. K. West, F. S. Rosenthal, N. M. Bressler, S. B. Bressler, B. Munoz, S. L. Fine, H. R. Taylor 
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device, equipment, an instrument, or a drug, the author(s) must 
‘state in a footnote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
ust reveal whether they have any financial interest as a 
msultant, reviewer, or evaluator. In addition, authors must 
isclose any financial interest owned by a spouse, minor child, 
od relative living in the same household, or known to be held by 
author's employer, partner, or business associate. 
stract.—Provide an abstract (135-word maximum) of the 
neluding statements of the problem, method of study, 
and conclusions. The abstract should be specifie and 
iently complete to allow the reader a quick evaluation of the 
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paper. Do not include a “summary” section in the main mai 
script. ; 

References.— List references in consecutive numerical order (no 
alphabetically). Once a reference is cited, all subsequent citation 
should be to the original number. All references must be cited i 
the text or tables. Unpublished data and personal communieation 
should not be listed as references but parenthetically within th 
text. References to journal articles should include (1) author(s) ( 
more than six, write "et al" after the third name), (2) title, (3 
journal name (as abbreviated in Imdex Medicus), (4) year, (5 
volume number, and (6) inclusive page numbers, in that ordei 
References to books should include (1) author(s), (2) chapter: titl 
(if any), (3) editors (if any), (4) title of book, (5) city of publication 
(6) publisher, (7) year, and (8) page, if indicated. Authors": 
responsible for the accuracy of the references. 

SI Units.—Use Système International (SD measurement 
throughout the manuscript. (Exceptions are visual acuity mea 
surements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug 
ment the text. More than ten total illustrations per manuscrip 
would have to be justified. Submit illustrations (6x7 in). i 
triplicate, wnmounted and untrimmed. Do not send origina 
artwork. Send high-contrast glossy prints. Figure number, nam 
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Illustrations submitted for publication may be relettered 
to achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 

Illustrations in full color are accepted for publication if. the 
editors believe that color will add significantly to the published: 
manuscript. Please submit one set of positive transparencies (35 mr 
slides) and two sets of color prints. The ARCHIVES will pay part of th 
expense of reproduction and printing color illustrations, the remain 
der to be borne by the author. Submit a statement indicatin 
author's willingness to accept this cost. After deducting the AR 
CHIVES’ contribution, the author's share is $400 for up to six squar 
finished illustrations that can be arranged on a one-page layout. Any 
additional illustrations or special effects will be billed to the author 
at cost. E 
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on copyright transmittal form (see paragraph 3). I 
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are-  subjec to editorial review and editing and will be 
published as spa and editorial priorities permit. Questions 
should not exceed six double-spaced type lines. A signed copy- 
ht transfer letter müst be included (see the first page of 
istruetions for Authors" for copyright transfer information). 


Legends. — Legends must be typed double-spaced, beginning ona 
parate sheet of paper. Length should be limited to a maximum 
40 words and should allow the illustration to be fully under- 
indable without recourse to the text. Use arrows, letters, ete, for 
n ced understanding. 


Authorized Use of Photographs.— Recognizable photographs may 
je taken and published only if specifically consented to by the 
To facilitate proof, the consent should be in writing. Any 
tions. or limitations on the consent must be strictly 
served; eg, eyes are blocked out only as a condition of consent. 

ent forms must include a specific statement that photographs 
formation related to a case may be published either 
eparately or in connection with each other, in professional 
ournals or medical books, provided that it is specifically under- 
that the patient shall not be identified by name. Parental 
sent for publieation of photographs and information related to 
he case must. include signature of both living parents. Consent 
eases for minors without living parents must be signed by the 
appointed guardian. Submit consent forms with the manu- 
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Pes È Essay. —-Manuscripts for this section should emphasize 
he visual aspects of the subject presented. The picture(s) should 
e of high quality and should be self-explanatory. The photo- 


When in doubt, simplify 
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“copper wire arteries,” “beading, 
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iase St, Baltimore, MD 21202. Such ques-- 


From the Archives of the Archives 


It is often difficult to interpret correctly such terms as "silver wire arteries," 
pipe-stem sheathing," and the like, used by 
various authors in their descriptions of retinal arteriosclerosis. They probably 
refer to phases of increased brilliancy of the light reflex, constriction and change 
in eolor of the arteries, irregularity of lumen and perivascular thickening. Their 
use adds confusion rather than light to the subject. Simplification of terminology 
and the recognition of a few positive signs, rather than a multiplicity of doubtful 
ones, are to be desired since they make the diagnosis of retinal arteriosclerosis 
more accessible to the average ophthalmologist and internist. 


+> £& 


SOURCE: Wagener HP: Sclerosis of the retinal arterioles. 


Edited by Jean Schaffner, Editorial Assistant. 











(eg, smears, histologic sections), diagnostic tech ques (roentgen 


ograms, computed tomographic scans, magnetic resonance image, < 
ultrasound, etc), therapeutic procedures, or a combination. The — 


photo essay should not necessarily result in brief clinicopathologie 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory story which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general “Instructions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style, —This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $2495. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 










The Archives office is moving. 
Beginning July 1, 1989, all correspondence and manuscript 
submissions should be sent to Morton F. Goldberg, MD, 
Editor, Archives of Ophthalmology, The Wilmer Institute, | 
The Johns Hopkins Hospital, 600 N Wolfe St, "OQ d 
MD 21205. b 
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We've combined the easy-to-fit appeal 
of the Hydron? (polymacon) Zero 4° with 
a new SofBlue™ visibility tint. Easier 
handling and cleaning. Easier to find—in 
the lens case or out. For daily or flexible/ 
extended wear. 


TM 


Because of SofBlue™ technology, the lens 
is compatible with hydrogen peroxide and 
chemical disinfection systems. And, it's the 
only flexible wear lens with a clear periphery. 


Visibly different, visually appealing. 
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\ 4 \ Our new ACP-6S and ACP-6R 

fare |. automated chart projectors are fast, 
versatile and convenient. They feature 
an infra-red remote system which 
controls all projector functions from 
anywhere within the examination 
room, providing you with total free- 
dom of movement. They also share 
the capability of instant masking, 
single-line or character isolation, 
high-intensity halogen illumination, 
an audible slide-change indicator, and 
fast advance/reverse selection of 30 
different charts. The APC-6R offers 
the additional benefits of random- 
access Chart selection at the touch of 
a button, plus programmable chart 
sequencing. 

Topcon's new generation chart 
projectors put total performance and». 
efficiency right where they belong- ` 

in the palm of your hand. Ask your 
authorized Topcon distributor for 
a demonstration. 
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MRI in Optic Neuritis 
? To the Editor.—In reading Beck’s' editorial on the optic 






















































-— neuritis treatment trial, it seems that magnetic resonance 
imaging (MRI) is only being used to predict future devel- 
opment of multiple sclerosis. New evidence raises the 
possibility that MRI may be useful in a primary diagnostic 


: Miller et al’ recently reported on a series of 44 eyes with 
optic neuritis. They showed that MRI was useful in identi- 
fying the site of inflammation of the optic nerve in 84%. 
Thirty-four percent showed inflammation in the intraca- 
-malieular portion of the nerve. In analyzing the visual 
“outcome by site of inflammation, Miller et al found that 
"those with an intracanalicular site of inflammation 
- showed poorer or slower recovery compared with those 
^c with inflammation at other sites (738% vs 50% or less). 
They postulated a logical reason for this result: Edema in 
the enclosed space of the canal was causing optic nerve 
ession. In analyzing by longitudinal extent of lesion, 
ound that those with poorer or slower recovery had 
cantly longer inflamed segments. (Poor recovery 
efined as visual acuity less than 20/30 at least six 
hs after the attack, and slow recovery was visual 
y less than 20/30 by four weeks after the attack.) At 
x months, 14% of the eyes had visual acuity less than 
20/30. Unfortunately, Miller et al did not include details of 
treatment or more quantitation of visual outcome. 

= From this information, it follows that using MRI to 
determine the site and extent of inflammation might 
identify patients at higher risk of permanent optic nerve 
damage and, carried a step further, predict who might 
onefit from steroid treatment. For example, when the 
olved segment is located in the optic canal, steroid 
ment might be expected to improve visual outcome by 
sing edema and lessening compression of the optic 
2. Conversely, identification of patients at low risk for 
i| complications could avoid complications of steroid 
erapy. Therefore, the ability of MRI to identify charac- 
risties that have the potential to predict therapeutic 
results suggests that MRI findings should be analyzed for 
their primary diagnostic value in optic neuritis. 

| CRAIG L. BLACKWELL, MD 
Santa Cruz, Calif 


1. Beck RW: The optic neuritis treatment trial Arch Ophthalmol 
1988;106:1051-1053. 

2. Miller DH, Newton MR, van der Poel JC, et al: Magnetic resonance 
T ging of the optie nerve in optic neuritis. NV eurology 1988;38:115-119. 


ly.—My editorial on the Optic Neuritis Treatment 
TT) summarized the study design, but in such a 
many of the details of study procedures and 
p analyses could not be discussed. 
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Gadolinium-enhanced magnetic resonance image shows lealón : 
posterior optic nerve extending into optic chiasm (arrow) in patient with 
acute optic neuritis. 


Dr Blackwell cites the study by Miller et al that sug- 
gested that in cases of acute optic neuritis, MRI localiza 
tion of the involved portion of the optic nerve and the 
extent of involvement may have prognostie value. My 
colleagues and I are certainly aware of this study and 
share Dr Blackwell's opinion about its potential signifi 
cance. Miller et al used a fat-suppression scanning tech- 
nique to identify lesions in the optic nerve. There is recer 
evidence that gadolinium- -enhanced MRI can identify acute 
demyelination i in the brain in patients with multiple scle 
rosis.'” We have found that with this technique, optic nerve 
lesions can be identified in acute optic neuritis (Figure). At 
the present time, we are investigating the utility of both 
the fat-suppression and gadolinium-enhancement tech- 
niques and are hopeful that we will be able to determine 
whether optic nerve MRI has prognostic value. i 

The ONTT is providing us with an exciting opportunity 
to study not only the treatment of optic neuritis and its 
relationship to multiple sclerosis but also many facets of 
perimetry, contrast sensitivity, and other measures 6 
visual function. I would encourage anyone with ideas about 
additional investigations that relate to the ONTT to con- 
tact me. : 








Roy W. Beck, MD 
Tampa, Fla E 


1. Miller DH, Rudge P, Johnson G, et al: Serial gadolinium énhakesd 
magnetic resonance imaging in multiple sclerosis. Brain 1988;111:927-939 

2. Grossman RI, Braffman BH, Brorson JR, et al: Multiple. sclerosi 
Serial study of gadolinium-enhanced MR imaging. Radiology 1988;169: uT- 
122. 


Treatment of Coats' Disease With the Binocular Indirect 
Argon Laser Photocoagulator 


To the Editor. —The binocular indirect laser has beef uie 
in the treatment of various retinal disorders: photocoagu 
lation for proliferative diabetic retinopathy, central: Te 



































sion with neovascularization, and proliferative sickle 
ell retinopathy. It has also been used for the prophylactic 
eatment of retinal tears! and in pneumatic repair of 
primary and secondary retinal detachments. We have 
recently found this laser delivery system very useful in the 
'eatment of young patients with Coats' disease. 

Coats’ disease, or retinal telangiectasia with secondary 
ubretinal exudate, is usually a unilateral condition that 
redominantly affects males. Coats' disease is often diag- 
osed in early childhood and may be more severe in 
patients under 4 years of age than in older patients. The 
natural history of this disease tends toward the develop- 
ment of a total retinal detachment; however, a few eyes 
may stabilize or regress without treatment. 

. Various treatment modalities have been used in patients 
with. Coats' disease in an attempt to help resorb the 
subretinal exudate. Xenon arc and argon laser photocoag- 
lation have been successfully used in eyes with minimal 
ibretinal fluid. Cryotherapy to the retinal telangiectasia 
ten leads to a secondary exudative retinal detachment; 

however, this generally resolves spontaneously. Cryothera- 
py or photocoagulation is difficult in eyes with bullous 
tinal detachments. In these cases, prior drainage of the 
ibretinal fluid with or without a scleral buckle or vitrec- 
tomy is sometimes necessary. 

Many patients with Coats' disease are quite young when 
initially evaluated and are unable to cooperate for treat- 
ment with a slit-lamp delivery system. Traditionally, these 
patients have been treated with cryotherapy or xenon arc 
photocoagulation while they are under general anesthesia. 

Xenon arc treatment can be a technically difficult proce- 
dure because peripheral lesions are difficult to treat 
adequately. We have treated two young patients, who were 
under general endotracheal anesthesia, using a binocular 
indirect argon laser delivery system (Nidek AC-2000 
Argon Laser Photocoagulator, Nidek Inc, Palo Alto, Calif). 

his system provided an excellent view of the fundus and 
langiectatic vessels. With scleral depression, the more 
pheral telangiectatic vessels were easily treated. A 
large spot size (approximately 500 um) and long-duration 
burns were used to successfully treat the telangiectatic 
vessels and ischemic retina. Several hundred spots were 
applied during the treatment session. Repeated applica- 
tions to affected areas during the treatment session were 
often necessary to close the telangiectatic vessels. 

We believe that the binocular indirect ophthalmoscopic 
gon laser is useful in the treatment of patients with 
jats’ disease who must undergo general anesthesia due to 
r inability to cooperate for treatment in the clinic with 
slit-lamp delivery argon laser or cryotherapy. The 
direct ophthalmoscopic argon laser delivery system is 
echnically easier than xenon arc photocoagulation and 
has not produced the secondary exudative retinal detach- 
ment noted after cryotherapy. It may be necessary to drain 
che subretinal fluid to adequately treat the telangiectatie 
vessels and ischemic retina with the argon laser if signifi- 
cant subretinal fluid is present. 














scott R. SNEED, MD 
CHRISTOPHER F. BLopi, MD 
JOSE S. PULIDO, MD 

Iowa City 


"None of. the authors of this article have any proprietary, commercial, or 
pee interest in the Nidek AC-2000 Argon Laser Photocoagulator. 


ae : Friberg TR: € linieal experience with a binocular indirect ophthalmo- 
cope laser deliv m system. Retina 1987:7:28-31. 
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rubeosis iridis, branch retinal vein 
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3. Gomez Morales A: Coats’ disease: Natural Mio. and results Su 
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Color Vision Defects in Retinal Disease 


To the Editor. In the December 1987 issue of the 
ARCHIVES, Roy and coworkers! accurately identify blue- 
yellow color vision defects in patients with sickle cell 
anemia using the specific and sensitive Farnsworth-Mun- 

sell 100-hue test in a well-designed, case-control study. p 
Their interpretations of this finding, however, are not 
entirely accurate. This is not an unexpected finding, as. 
they claim, and it is not useful in evaluating central vision |... 
functions in patients with sickle cell anemia, as they 
suggest. 

Normal human color vision is trichromatic, and is 
mediated by three different types of cone. The red and 
green cones, which number approximately 6 million, are æ- 
concentrated heavily in the macular region; the blue cones, 
which number less than 1 million, are scattered evenly in a 
coarse mosaic throughout the retina, and are not found in 
the fovea at all. 

Blue cones are more vulnerable to retinal injury than the 
red and green cones. Blue-yellow color defects, therefore, 
are commonly seen in many retinal diseases, including 
retinitis pigmentosa, diabetic retinopathy, senile macular — 
degeneration, and hypertensive retinopathy. Sickle cell - ur 
anemia, which causes a peripheral retinopathy, would be 
especially likely to destroy the peripherally located blue 
cones before it affects the centrally located red and green 
cones. This would, of course, result in a blue-yellow color — . 
vision defect. A blue- yellow color defect does not indicate "6 
damage to the posterior pole—quite the contrary! 

If any of Roy and colleagues' patients had suffered from 
posterior pole retinopathy, which they did not, it is quite 
possible that they would have shown red-green color 
defects. Et 

Foveal damage can produce eccentric fixation. Marre 
and Pinckers? have shown that a change of fixation of only n 
a few degrees increases the blue cone mechanism by up to 
250%, while the red and green cones decrease by 30%. This 
would result in a red-green color defect. - 

The Farnsworth-Munsell 100-hue test is useful in evalu- 
ating central vision function in patients with sickle cell 
anemia, as the authors claim, but not for the reasons that 
they give. 











CYNTHIA J. MacKay, MD 4 P" 
New York Ue 


1. Roy MS, Rodgers G, Gunkel R, et al: Color vision defects in sickle cell 
anemia. Arch Ophthalmol 1981,105:1676-1678. i 
2. Marre M, Pinckers A: Basic phenomena of acquired color vision 

defects. Bull Soc Belge Optal 1985;215:11-26. 
















In Reply.—We very much appreciate Dr MacKay's interest. 
in our article on color vision defects in patients with sickle 
cell disease. However, we would like to respond to her tw 
comments. 

First, Dr MacKay argues that blue-yellow color vision 
defects are not unexpected in patients with sickle cell - 
anemia who have peripheral retinopathy. We looked for, - 
but could not demonstrate in our patients, any substantial Ue 
association between the presence of a color vision defect... 
and the severity of the peripheral signs of sickle cell 
Pennie: This lack of association suggested to us that 
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these retinal changes were probably too peripheral to have 
affected a substantial number of blue cones. We also 
searched for evidence of more posteriorly located signs of 
sickle cell retinopathy, but could not find any. Thus, we 
noted that, based on these retinal findings, the presence of 
such color vision defects was unexpected. 

Second, Dr MacKay comments that color vision testing 
in patients with sickle cell anemia is not useful in evaluat- 
ing central (foveal) vision functions. It has been well 
established that there is a scotoma for blue light percep- 
tion in the central 30 minutes of the visual field. The 
colored caps of the Farnsworth-Munsell 100-hue test have 
a diameter covering the central 2? of the visual field. Thus, 
in patients with central fixation, as in our group of 
patients, we do indeed test central visual function. Howev- 
er, we have not suggested that we were testing foveal 
function, as indicated by Dr MacKay. 

Finally, it is worth noting that other investigators have 
reported blue-yellow defects in association with both mac- 
ular ischemia and macular edema,' indicating that blue 
cones may be affected by posterior pole disease. 

MONIQUE S. Roy, MD 
Bethesda, Md 


1. Bresnick G. Electroretinography and color vision in diabetes, in 
Crepaldi G, Cunha-Vaz JG, Fedele D, et al (eds): Microvascular and 
Neurological Complications of Diabetes, Fidia Research Series. Padova, 
Italy, Livania Press, 1987, vol 10, pp 17-33. 


Sting Eze Keratitis 


To the Editor.—Sting Eze (Wisconsin Pharmacal, Jackson, 
Wis) is an over-the-counter topical remedy for insect bites 
and stings. It contains diphenhydramine hydrochloride, 
camphor, phenol, benzocaine, and eucalyptol. We report 
the mistaken use of Sting Eze in two patients. 


Report of Cases.—CASE 1.—A 40-year-old diabetic woman had 
redness of the eyes "from the flu." Her husband put a drop of 
Sting Eze in her left eye, thinking he was using a vasoconstrictor. 
The pain was immediate and prevented a drop from being put in 
the other eye. She rinsed her eye with water and presented for 
examination several hours later. 

Her visual acuity was counting fingers in the left eye. The 
conjunctiva was hyperemic. Photophobia was intense. The corneal 
epithelium stained diffusely, but the stroma and anterior chamber 
were clear. Treatment included patching, cyclopentolate hydro- 
chloride, gentamicin sulfate, and acetaminophen with codeine. 
The next day the epithelial defect was a denuded patch involving 
2095 of the cornea. Two weeks later her eye had returned to its 
usual 20/40 acuity. The epithelium was clear and intact. No 
sequelae from the injury were noted. 

CASE 2.—An 83-year-old woman with end-stage glaucoma 
instilled Sting Eze into her right eye, believing she was using her 
dipivefrin. The pain was intense. She called our office and was 
instructed to rinse her eye with water. Because she lived 100 miles 
from our office she declined to be checked that day. For three days 
her eye was sore, but one week later when she was seen in the 
office she felt fine. Her visual acuity was at its usual hand motions 
level. The corneal epithelium was intact, and no new defect was 
found. 


Comment.—Checking with the National Registry of 
Drug-Induced Ocular Side Effects at the Oregon Health 
Sciences University, Portland, revealed at least five other 
similar reports of mistaken instillation of Sting Eze. 

Diphenhydramine hydrochloride applied topically 
induces epithelial swelling. Camphor produces a superfi- 
cial keratitis, with loss of the corneal epithelium. Phenol is 
extremely toxic, causing epithelial ulceration and stromal 
opacity.' Benzocaine induces stinging when used topically.’ 
Eucalyptol is a local irritant classed with turpentine.’ 
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Bottles of Sting Eze and dipivefrin hydrochloride. 


Both of these patient reports present histories or find- 
ings consistent with a chemical epithelial keratitis that 
could have been induced by any or all of the listed 
ingredients of Sting Eze. 

The general size and shape of the bottle led to the 
confusion (Figure), and particularly in patient 2, with her 
poor vision, the general green and white color made the 
mistake easier. 

The company has been notified of this confusion, and it 
has been suggested that a packaging change should be 
made. At this writing the company planned to make the 
necessary changes. The instruction to the patients was to 
keep their eye drops separated from their other medica- 
tions. To prevent similar episodes, a general precautionary 
statement to patients to this effect is in order. They should 
also be told to check the label before instilling drops when 
their vision is adequate for this. 

DONALD L. BLANCHARD, MD 
La Grande, Ore 


The author has no proprietary interest in any products mentioned in this 
report. 


1. Grant W: Toxicology of the Eye, ed 3. Springfield, Ill, Charles C 
Thomas Publisher, 1986, pp 112, 173, 120. 

2. Smith M: Handbook of Ocular Toxicity. Acton, Mass, Publishing 
Sciences Group, 1976, p 85. 

3. Gleason M, Gosselyn R, Hodge H, et al: Clinical Toxicology of 
Commercial Products, ed 3. Baltimore, Williams & Wilkins, 1969, p 223. 


Tandem Jaffe Lid Specula for External Approach to 
the Orbital Floor 


To the Editor.—We have found Dr Nerad’s' method of 
using a single Jaffe? lid speculum to enhance exposure 
during levator surgery to be extremely helpful. Dr Nerad 
noted that the speculum may not provide sufficient retrac- 
tion or traction necessary during external approaches to 
the orbital floor.' This problem may be overcome by using 
two Jaffe lid specula in tandem, thus providing broad 
exposure of the entire inferior orbital rim (Fig 1). 
Another useful modification of the Jaffe lid speculum 
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Fig 1.— Transcutaneous exposure of inferior orbital rim afforded by two 
Jaffe specula. Mesh implant covers orbital floor fracture. Orbital rim is 
clearly evident laterally (arrow). 





Fig 2.— The usually straight transverse strut (right) has been modified 
(left) to conform to curvature of upper eyelid. 


involves introducing a gentle concavity to the normally 
straight transverse strut (Fig 2). This allows the speculum 
to retract more easily and evenly, and with less distortion 
of the naturally curved upper eyelid tissue planes. Fur- 
thermore, heavier tissues are less likely to slip out of the 
modified speculum, and a smaller incision will accommo- 
date the modified speculum. The speculum may be modi- 
fied with a heavy padded hemostat. 

Further adaptations of Dr Nerad's techniques that are 
useful when teaching residents or fellows involve the use of 
separate eyelid specula during bilateral ptosis surgery. 
This affords the attending surgeon such an excellent view 
of both surgical fields that he or she may quite comfort- 
ably operate on one eyelid while simultaneously directing 
and monitoring the progress of the resident or fellow 
operating on the contralateral eyelid. 

JEMSHED A. KHAN, MD 
RANDALL J. KRESIE, MD 
Kansas City, Kan 


This report was supported in part by Research to Prevent Blindness Inc, 
New York, and the Kansas Lions Sight Foundation. 

Drs Khan and Kresie have no commercial or proprietary interest in the 
Jaffe eyelid speculum (Storz Instrument Co, St Louis). 


1. Nerad JA: Use of the Jaffe speculum in eyelid surgery. Arch Ophthal- 
mol 1987;105:313. 

2. Jaffe NS: Cataract Surgery and Its Complications, ed 4. St Louis, CV 
Mosby Co, 1984, pp 42-43. 
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Corneal Decompensation After Argon Laser lridectomy 


To the Editor.—We have had the pleasure of reading the 
article by Schwartz et al! in the November 1988 issue of the 
ARCHIVES regarding corneal decompensation after argon 
laser iridectomy. Although all of us have seen corneas 
occasionally decompensate after an attack of angle closure 
glaucoma or after surgical procedures, our experience 
suggests less of a risk of developing bullous keratopathy 
than Schwartz et al have proposed. 

Our initial experience of performing iridectomies with 
the argon laser using the parameters mentioned in the 
article produced significant corneal burns at both the 
epithelial and endothelial levels. However, when we 
reduced the exposure time from 0.1 to 0.2 seconds to 0.02 to 
0.05 seconds we eliminated almost all of the corneal 
damage.’ The argon laser iridectomies were done using the 
Abraham iridectomy lens. We then performed specular 
microscopy on those eyes in which the shorter exposure 
times were used and could find no evidence of endothelial 
damage to the corneas of these eyes. The eyes were 
examined both centrally and peripherally immediately 
after argon laser iridectomy as well as several months 
after laser iridectomy (unpublished data, 1980). 

While the corneas we examined had no underlying 
pathologic features, they also did not exhibit any evidence 
of the focal corneal edema that we observed using the 
longer exposure time of 0.1 to 0.2 seconds, which was also 
used in this series. 

We would certainly agree with Schwartz et al that eyes 
that have experienced an attack of angle closure glaucoma 
are at an increased risk of corneal decompensation. How- 
ever, we clearly feel that the risk would be significantly 
less using lower energy with a shorter exposure time—in 
the range of 0.02 to 0.05 seconds vs the 0.1 to 0.2 seconds as 
reported by Schwartz et al. 

LiNDA Y. KALNINS, MD 
RoBERT M. MANDELKORN, MD 
Pittsburgh, Pa 


1. Schwartz AL, Martin NF, Weber PA. Corneal decompensation after 
argon laser iridectomy. Arch Ophthalmol. 1988;106:1572-1574. 

2. Mandelkorn RM, Mendelsohn AD, Olander KW, Zimmerman TJ. Short 
exposure times in argon laser iridotomy. Ophthalmic Surg. 1981;12:805- 
809. 


Upper Eyelid Crease Approach to Dermoid Cysts 


To the Editor.—I enjoyed the well-written article by 
Kronish and Dortzbach! in the November 1988 issue of the 
ARCHIVES describing an upper eyelid crease approach to 
periocular dermoid and epidermoid cysts. Interestingly, I 
published a similar technique and results in an article on 
11 patients with lateral dermoid cysts earlier last year.? It 
is clear that both Kronish and Dortzbach and I (and I 
imagine an unknown number of other surgeons) all inde- 
pendently determined the eyelid crease approach to be the 
most logical route for removing laterally placed epider- 
moid and dermoid cysts. Their excellent results described 
in 20 patients, and mine in 11 patients, reinforce that this 
approach should become the procedure of choice for man- 
agement of lesions in this region. 

ROBERT C. KERSTEN, MD 

Cincinnati 


1. Kronish JW, Dortzbach RK: Upper eyelid crease surgical approach to 
dermoid and epidermoid cysts in children. Arch Ophthalmol 1988;106:1625- 
1627. 

2. Kersten RC: The eyelid crease approach to superficial lateral dermoid 
cysts. J Pediatr Ophthalmol Strabismus 1988;25:48-51. 
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Pseudomonas Keratitis Associated 
With the Use of Disposable Soft 
Contact Lenses 


To the Editor.—Microbial keratitis, 
especially that caused by gram-nega- 
tive bacili such as Pseudomonas 
aeruginosa, is known to be the most 
serious complication of the use of 
daily-wear, extended-wear, and thera- 
peutic soft contact lenses. Factors 
that have been implicated in the 
pathogenesis of contact lens-associ- 
ated microbial corneal ulceration 
include poor hygiene, poor compliance 
with instructions for proper lens care 
and sterilization, the use of contami- 
nated lens care solutions, the develop- 
ment of contact lens deposits and 
coatings that facilitate the adherence 
of microorganisms to the contact 
lenses, and epithelial trauma, caused 
by either the removal or insertion of 
the lenses or by abnormalities of the 
lenses themselves.’ 

Recently, disposable extended-wear 
contact lenses were introduced for the 
correction of myopia (Accuvue, John- 
son & Johnson, New Brunswick, NJ). 
It has been speculated that, because 
these lenses are packaged in sterile 
solutions, do not require the use of 
lens care solutions that can become 
contaminated, and are worn for only 1 
week and then discarded before sub- 
stantial deposits can develop and bac- 
teria can adhere, they would be free of 
the risk of infection. However, as the 
following case illustrates, serious cor- 
neal infection can occur in individuals 
wearing disposable extended-wear 
contact lenses. 


Report of a Case.—An 18-year-old male 
college student was first examined by us on 
October 4, 1988, with a 2-day history of 
pain, photophobia, eyelid swelling, and a 
purulent discharge from the left eye. The 
patient had worn extended-wear soft con- 
tact lenses for the correction of myopia for 
the preceding 2 years. Four months previ- 
ously he had to discontinue lens wear for 1 
month because of the development of giant 
papillary conjunctivitis, and he was then 
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refitted with disposable extended-wear 
soft lenses (Accuvue). The patient had fol- 
lowed instructions properly for the care of 
these lenses and discarded them and 
inserted a new pair on a weekly basis. 
Because of the symptoms he had discarded 
his left contact lens the day before seeing 
us, and when his symptoms were not 
relieved with the change of his contact lens 
he discarded the new lens as well. 

On examination, visual acuity was 
reduced to counting fingers at 1 foot in the 
left eye. The left eyelids were swollen, the 
conjunctiva was markedly hyperemic, and 
a purulent discharge was present. In the 
left cornea, a 5-year-mm necrotic ulcer was 
present in the superotemporal quadrant 
and the remainder of the cornea was edem- 
atous (Figure). A 15% hypopyon was 
present in the anterior chamber. Corneal 
scrapings revealed numerous gram-nega- 
tive bacilli. Cultures were positive for P 
aeruginosa, which was sensitive to genta- 
micin sulfate, tobramycin sulfate, amika- 
cin sulfate, carbenicillin disodium, and 
polymyxin B sulfate. The patient was hos- 
pitalized and treated initially with cefazol- 
in sodium (50 mg/mL) and tobramycin 


sulfate (13.6 mg/mL) every half hour 
0.25% scopolamine hydrobromide three 
times daily, and 10% acetylcysteine every ‘ 
hours. When cultures became positive foi 
Pseudomonas, carbenicilin (4 mg/mL 
was substituted for cefazolin. After 6 day: 
of hospitalization, the ulcer had improved 
and the patient was discharged on ar 
hourly regimen of antibiotic drops during 
the waking hours and one drop during the 
night. 

He returned the next day, at which time 
his ulcer had worsened and the size of th« 
hypopyon had increased. Repeated cornea 
scrapings were positive for the same strair 
of P aeruginosa. The patient was readmit 
ted to the hospital. Because of the recur 
rence of infection while taking topica 
tobramycin and carbenicillin, amikacir 
sulfate (20 mg/mL) was substituted foi 
tobramycin and antibiotics were again giv 
en every half hour around the clock. Slow 
but gradual improvement was noted. Afte: 
5 days of treatment, 1% prednisolone ace 
tate eyedrops were added to the regimen 
The patient was discharged after 8 days o 
hospitalization. Administration of antibi 
otic, steroid, and cycloplegic drops wa: 


Slit-lamp photomicrograph. Appearance of left eye at the time of presentation. A 5-mm hypopyol 
ulcer is present in the supertemporal quadrant of the cornea (original magnification X 16). 
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radually tapered. Six weeks later, the 
ulcer had healed, and administration of all 
medications was discontinued. Visual acu- 
ty on December 8, 1988, was counting 
fingers because of corneal scarring and a 
-postinflammatory pupillary membrane. 


. Comment.—To the best of our 
- knowledge, this is the first reported 
¿case of microbial keratitis associated 
^with disposable soft contact lenses. 
The source of the infection was 
unclear in this patient, who was total- 
‘ly compliant with appropriate lens 
‘care instructions. The weekly ex- 
change of contact lenses certainly 
should minimize the accumulation of 
-lens deposits and eliminate the need 
for potentially contaminated lens care 
solutions. However, this case is evi- 
-dence of the fact that the factors that 
-promote the development of contact 
-lens-associated microbial corneal ul- 
ceration occur very quickly and ulcer- 
ion can easily happen within the 

ace of 1 week. The corneal epitheli- 
im can be injured during the 
change of lenses, or injury can be 
elated to lens wear. The use of con- 
taminated solutions may not be elimi- 
ated if the patient requires intermit- 
tent administration of lubricating eye 
drops. Poor hygiene may still promote 
he colonization of the eyelids and 
“conjunctiva by gram-negative bacilli. 
. Pseudomonas can adhere to unworn 
contact lenses? and lens coatings, 
which further promote bacterial 
adherence to the contact lenses,’ can 
coat a contact lens nearly completely 
within 24 hours.‘ It remains to be seen 
. Whether the use of disposable contact 
lenses will decrease the incidence of 
associated corneal infection. However, 
the use of disposable contact lenses 
cannot be considered innocuous, and 
ophthalmologists must exercise the 
‘same vigilance in the selection and 
eare of patients wearing disposable 
‘contact lenses as with those wearing 
conventional extended- or daily-wear 
lenses. 
DANIEL W. KiLLINGSWORTH, MD 
GEORGE A. STERN, MD 
Gainesville, Fla 








o> 1. Stern GA. Pathogenesis of contact lens- 
"associated Pseudomonas corneal ulceration. In: 
‘Cavanagh HD, ed. The Cornea: Transactions of 
‘the World Congress on the Cornea III. New York, 
NY: Raven Press; 1988:309-311. 

~. 2. Duran JA, Refojo MF, Gipson IK, Kenyon 
KR. Pseudomonas attachment of new hydrogel 
ontact lenses. Arch Ophthalmol. 1987;105:106- 
109. 

X “Stern GA, Zam ZS. The. pathogenesis of 
contact: lens-assóciated. Pseudomonas aerugino- 
‘sa. corneal ulceration, I: the effect of contact lens 
coatings « on the adherence of Pseudomonas aeru- 
3 -gina to soft contact lenses. Cornea. 1986;5:41- 
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Danazol, Premenstrual Tension, 
and Uveitis 


To the Editor. —1t is known that the 
menstrual cycle may be associated 
with eye symptoms. Danazol is a 
weakly androgenic 2,3-isoxazol deriv- 
ative of 17 x-ethyl testosterone and is 
used to treat various disorders, 
including premenstrual tension. In 
this report, the role of danazol in the 
treatment of a patient suffering from 
premenstrual tension and acute irido- 
cyclitis secondary to ankylosing spon- 
dylitis is reported. 


Report of a Case. — A healthy 30-year-old 
woman first presented with severe acute 
iridocyclitis, secondary glaucoma, and 
sterile hypopyon in the right eye, which 
responded favorably to treatment with 
topical steroids and mydriatic agents. She 
was also found to be HLA-B27 positive and 
was suffering from ankylosing spondyli- 
tis. 

Over the following three years, she suf- 
fered nine acute attacks of iridocyclitis in 
the same eye, four of which required sys- 
temically administered steroids in addi- 
tion to topical treatment to induce remis- 
sion. Rarely was she not receiving treat- 
ment, and over an 18-month period, she 
was receiving 2.5 mg of oral prednisolone 
twice daily. She noticed that her attacks of 
uveitis were related to her periods, usually 
occurring a few days before the onset of 
menses. She also complained of anxiety, 
depression, and loss of libido, and was 
diagnosed as suffering from premenstrual 
tension. 

In an attempt to treat her premenstrual 
symptoms, a regimen of 200 mg of danazol 
twice daily was started, which was main- 
tained for 13 months. Over this period, she 
had only one attack of uveitis (in the right 
eye), and for most of this time, she was not 
receiving topical treatment. When danazol 
was withdrawn, her uveitis resumed its 
previous severity, starting with an acute 
attack in the left eye, which was the first 
such involvement for that eye. Her eondi- 
tion responded favorably to topical treat- 
ment, but a chronic low-grade uveitis 
developed in the right eye that required 
continuous topical and oral steroid treat- 
ment. 

Two years later, treatment with 200 mg 
of danazol twice daily was restarted. After 
two months, topical and systemic steroid 
therapy was tapered. Both eyes remained 
clear, except for one acute attack in the 
right eye, which responded favorably to 
topical treatment. At the time of this 
writing, the patient continues to receive 
danazol treatment. 


Comment.—The association of 
HLA-B27 tissue type, ankylosing 
spondylitis, and uveitis is well known. 





factors, ‘but the cause of this link has 
not been well defined. Eye changes 
occurring in association with the men- 
strual cycle have been well reported; 
uveitis may worsen during or just 
before a period, and many cases of 
uveitis are part of the premenstrual 
syndrome. In one study, ovulation 
was implicated in the cyclical uveitis 
in a young woman, because the uveitis 
would occur 12 days before the onset 
of menstrual bleeding. This was sup- 
pressed by administration of the con- 
traceptive pill.' 

Danazol suppresses the pituitary- 
ovarian axis, and has been suecessful- 
ly used in the treatment of premen- 
strual tension.’ Its beneficial effect in 
our patient may have been due to the 
suppression of her premenstrual 
symptoms and, thence, her uveitis. It 
has been shown that there is a signif- 
icantly increased incidence of uveitis 
in patients with psychological stress.‘ 
Furthermore, danazol has a relatively 
weak biological activity, and high 
doses must be given to achieve ade- 
quate therapeutic effect. At these 
doses! it may exert a weak anti- 
inflammatory effect on the eye. 

Danazol also has other pharmaco- 
logie effects and can increase the 
hepatic synthesis of inhibitors and | 
components of the complement sys- * 
tem. It has been used this way in the 
treatment of hereditary angioneurotic 
edema, but the significance of its 
effect in this report is unclear. 

In conclusion, it appears that dana- 
zol may have a role to play in the 
control of certain types of uveitis that 
trigger symptoms such as premen- 
strual tension, but its value and mode - 
of action require further elucidation. 
JOHN À. BELL, MB, FRCS, MD, 

FRCOPHTH 
Newcastle-Upon-Tyne, 

United Kingdom 
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drome. Postgrad Med J 1979;55(suppl 5):87-92. 

4. Schlaegal TF Jr, Levitt EE: Psychopatholo- 
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Treatment of Choroidal Metastasis 
From Choriocarcinoma 





To the Editor.—Choriocarcinoma is a 
trophoblastic tumor that is usually of ar 
placental origin. Metastatic lesions — 
are common, and therefore this diag- 
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nosis should be considered in a young 


woman with metastatic cancer. 
Metastases to the choroid are ex- 
tremely rare. To our knowledge, this 
is the first reported case of choroidal 
metastases of choriocarcinoma re- 
sponding to systemic chemotherapy. 


Report of a Case.—The patient, a 32- 
year-old woman, was referred to Moor- 
fields Eye Hospital, London, England, with 
a 33-day history of blurred vision in her 
left eye. She denied any previous ocular 
episodes, medical problems, or constitu- 
tional symptoms. She stated that her men- 
ses had been irregular for the past 2 
months, but denied that she could be preg- 
nant. Her last pregnancy was 4 years ear- 
lier. 

Pinhole acuities were 6/6 OD and 6/12 
OS on visual testing. Pupillary responses 
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and retinal edema. 


and ocular movements were normal. The 
slit-lamp examination findings were nor- 
mal. Dilated funduscopy showed elevated 
choroidal lesions in the posterior fundus of 
both eyes. The right fundus had two peri- 
papillary lesions measuring less than 1 
disc diameter, each with associated subre- 
tinal hemorrhages. The left macula was 
elevated by a choroidal lesion measuring 4 
disc diameters and had a shallow detach- 
ment of the neurosensory retina (Fig 1). A 
fluorescein angiogram showed late stain- 
ing within the lesions, and Doppler ultra- 
sonography confirmed their intrinsic vas- 
cularity. 

A pelvic examination demonstrated vag- 
inal metastases, and a pelvic ultrasound 
confirmed the presence of a large uterine 
mass. A beta human chorionic gonadotro- 
pin level (GHCG) was markedly elevated 
(36420 U/L), and metastatic involvement 





Fig 1.— Top left, Fundus photograph of the left eye at presentation 
shows tumor in the posterior pole. 


Fig 2.— Top right, Fundus photograph of the left eye 1 month after 
presentation shows a large macular tumor with subretinal hemorrhage 


Fig 3.—Bottom, Fundus photograph of the left eye 8 months after 
presentation shows a flat atrophic macular scar. 


of the lungs was shown on the chest roent- 
genogram. 

The consultation and therapy were orga- 
nized at the Department of Medical Oncol- 
ogy at Charing Cross Hospital, London. A 
chemotherapy regimen of etoposide, meth- 
otrexate, and actinomycin D, alternating 
with vincristine sulfate and cyclophospha- 
mide, was initiated? Intrathecal metho- 
trexate was administered every other 
week. The choroidal secondary neoplasms 
showed growth and increased hemorrhage 
1 month later (Fig 2), with a drop in visual 
acuity to 6/36 OD and counting fingers in 
the left eye. Oral dexamethasone was 
added to ameliorate inflammation second- 
ary to tumor necrosis. A hysterectomy and 
thoracotomy were performed because of 
persistently elevated levels of 8HCG. Cyto- 
trophoblast was seen in the lung biopsy 
specimens. When she was last examined (8 
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1000 patients with trophoblastic tu- . -alone 


mors ever treated at Charing Cross x MAE 
only one had choroidal | 


Hospital, 
metastases. She was treated in 1959 
with radiotherapy and chemotherapy, 
and is still alive. Our patient was 
treated with intravenous and intra- 
thecal chemotherapy, and over a peri- 
od of 5 months the secondary neo- 
plasms were observed to flatten and 
atrophy. Palliative radiotherapy to 
the globes was not necessary since 
chemotherapy induced involution of 
the tumors, resolution of the second- 
ary retinal detachment, and full 
recovery of vision. The cure rate of 
gestational trophoblastic tumors var- 
ies from over 99% in those developing 
choriocarcinoma following a hydatidi- 
form mole to about 80% in those 
presenting with brain metastases.” 
The latter usually occurs after an 
abortion or term delivery. 

The choroidal metastases of this 
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— - opinflammation. Today, it enjoys a reputation as - Ee ds La uer 
-. the time-tested; trusted ophthalmic steroid. TER - Sterile CEDERE po = fj 
: And that’s not about to changes — (E aucem | ncs odi 
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ATTENTION!!! 


MEDICARE will NOT pay 
without proper ICD-9-CM 
codes as of April 1, 1989 
SAVE TIME 
Get reimbursements fast 
Why bother with over 23,000 codes 
KWIKLIST 
Provides you with the most 


commonly used codes in 
OPHTHALMOLOGY 


DIRECTOR OF 
GLAUCOMA RESEARCH 


NORTHWESTERN UNIVERSITY 


Academic position for MD or PhD beginning Jan 1, 1990, at 
Associate or full Professor level: includes supervision of basic 
glaucoma research and clinical practice if candidate is an 
MD. 


YOUR SPECIALTY 
With full indexing for 
only $59 


Women and minorities are encouraged to apply. 


Call now and ask for your specialty 
-ask for KWIKLIST 


1-800-628-2828 ext. 914 
7 days a week 
24 hours a day 


AE, MC, VISA 
AMERICAN SOFTWARE ADVANTAGE, INC. 
285 Fountain Road 
Englewood, NJ 07631 


Send Curriculum Vitae to: 


Lee M. Jampol, Chairman 
Department of Ophthalmology 
303 E. Chicago Avenue 
Chicago, IL 60611 





Pred Forte? 


(prednisolone acetate) 1.096 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated forthe treatment 
of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved, 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication in the presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 

As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 

Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids. 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 


Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled stüdies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 


Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
fo produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
beh effects may occur rarely with extensive use of topical 
steroids. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1988 
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^1 Clement Clarke Corporation 








e the Best! 


For fifteen years, Perkins Tonometers have reigned as the very 
finest hand-held ‘Goldman’ applanation tonometers in the wortd. 
Our Mk 2 takes the best features of our earlier models, combined 
with the input of practitioners from around the globe, to create a 
none So precise and convenient that it has become a standard 
by which all others are judged. And Clement Clarke helps maintain 

the accuracy and performance of your Perkins Tonometer with our 

innovative new Perkins Recertification Program (PRP). 
Of course affordability is just as important 
as performance, which is why the Mk 2 is 
~ still one of the lowest priced tonometers on 
the market. With a design and features like 
these, it's obvious why the Perkins Mk 2 is... 
The tonometer held in the highest esteem! 


A 


» The genius of Goldman applanation 
tonometry in a compact, ergonomic 
design allows readings to be taken with 
the patient in any position. 


mercury battery, standard AA batteries 
or rechargeable cells. 


» Twin illumination lamps wil assure 
excellent fluorescence of the area of 
applanation. 

1 


»Verifiable accuracy: The Mk 2 can 
be checked quickly and easily for 
pinpoint accuracy. 


»Clement Clarke's reputation for 
“quality and commitment. 
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: To find out more about the Perkins 
- Mk2 or Clement Clarke's new 

: Perkins Recertification Program 

: please send this request to: 


: 





: or call at 1-800-848-8923. 
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CLEMENT CLARKE 


3128-D East 17th Avenue. Columbus. OH 43219 





INNOVATION IN 
TINAL DETACHME 
URGERY IN DECAD 


This comprehensive hard cover — 
volume contains the proceedings — 
from the first major clinical sym- 
posium on pneumatic retinopexy, 
the direction in which retinal detach 


ment surgery may be headed in- 
the 1990s. 
The volume contains a wide - 
range of information: A nu^ 
Step Guide to the Procedure « Gas 
Selection » Patient Selection « The | 
Steamroller Technique « Complica- : = 
tions and Their Management e Clinical 
Experience From 12 Centers «Hi story 
of Pneumatic Retinopexy » The 
Procedure's Economic Impact 
e Liability Issues « Results of the 
Pneumatic Retinopexy Clinical Trial 
e and much more. p 
Many of the book's 33 chapters 













































ON, DC—The President of the American 

phthalmology (AAO), Robert D. Reinecke, 

efore the House Ways and Means Subcom- 

ith on April 17, 1989. Dr Reinecke came with 

genda: to present ophthalmology's view on 

ng-term physician payment reform and the 

icare budget. 

and other ophthalmologic groups have spent 

ometimes tense consultation with Congress, the 

ire Financing Administration (HCFA), and the 

aysician Payment Review Commission (PPRC) over a 

nge of proposed cuts and reforms that would reduce re- 

--ámbursement to ophthalmologists by up to 45%. 

-  Reinecke's testimony focused on four key areas: 

—. € budget proposals for fiscal 1990; 

'@ the AAO’s suggestions of alternate ways to reduce 
. Medicare expenditures; 

€ shortcomings of the Harvard Resource-Based Relative 

Value Scale (RBRVS); and 
è the AAO’s reaction to PPRC recommendations. 


Cataract Surgery Cuts Questioned 


.. Dr Reinecke expressed concern over Congress's insis- 
-tence on a “piecemeal approach to cost savings" through 
"proposing another round of percentage reductions for cer- 
tain targeted Medicare procedures, specifically cataract 
- surgery. The cataract surgery fee has been slashed 25% over 
-the last 3 years, Reinecke noted, and has also been subjected 
. to an absolute cap on charges and curtailment of related 
" services such as surgical assistants and ultrasound evalu- 
ation. 

- ' "This year, Reinecke said, additional volume restrictions 
< have been added whereby state Peer Review Organizations 
must precertify every proposed cataract operation for 
` Medicare patients. The AAO opposes the current method, 
“saying it will not decrease the rate of utilization as 
intended. The AAO proposes that surgeons document their 
- preoperative and postoperative eare arrangements and that 
<- HCFA consider the feasibility of random second opinions. 
> The AAO also strongly objected to the Bush Administra- 
-Hons plan for an 8% across-the-board cut for “surgery.” 
*From an administrative perspective, it would be virtually 
mpossible to implement,” Reinecke said, owing to the com- 
plexity of CPT coding systems and the difficulty i in defining 
"surgical services.' 

J Reinecke also asked Congress to direct HCFA to prohibit 
the unbundling of the global fee for cataract surgery. He 
ged that insurance carriers not allow billing to nonphy- 
sicians during the postoperative period, citing a recent re- 
port by the Inspector General, which found that Medicare 
billings doubled when ophthalmologists used optometrists 
-as a significant referral source, and unbundled postopera- 
tive care. Reinecke noted the potential for unethical refer- 







dicia D Springer, | 
: Section Editor z 
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ss Hears From AAO on Physician Payment Reform 


ral arrangements and duplicate billing that could result 
from the unbundled approach. 


Non-Primary Care Services 


The Academy opposes the Bush Administration's recom- 
mended freeze on non-primary care service fees for 1990- 
1992. Dr Reinecke noted that the last Budget Reconciliation 
Act omitted primary eye care visits, and he urged the Com- 
mittee to include the following examinations and services: © 
CPT codes 92002, 92004, 92012, and 92014. The Academy has 
adopted a “preferred practice pattern” defining an adult 
comprehensive eye examination. 


Harvard RBRVS 


“As published in the New England Journal of Medicine 
and the Journal of the American Medical Association,” Dr 
Reinecke told Congress, “the Harvard RBRVS would reduce 
ophthalmology fees by 40% to 45%, making my profession 
one of the most severely impacted of all, despite the fact 
that one half to three fourths of our time is spent in office 
visits, not in surgery." 

The AAO and the ophthalmologic community have ob- « 
jected to the perceived biases and methodologic flaws of the 
Hsiao study.'? Dr Reinecke’s critique focused on the follow- 
ing points: 

€ the need to correct the study's practice cost calcula- 
tions; 

@ the inadequate representation of ophthalmologic eval- 
uation and management services in the Hsiao study, 
and the apparent selection of a disproportionate num- - 
ber of relatively uncomplicated office procedures; and - 

€ oversimplification of preservice and postservice time/ - 
work, based on only three ophthalmologic procedures. 

A proposal from Dr Hsiao to attempt to correct the oph- 
thalmology portion of his study was submitted with Dr 
Reinecke's written statement. Dr Reinecke noted further 
weaknesses in the Hsiao study, such as undervalued officed 
visits, specialty differentials in practice costs, and geo-* 
graphic variations. 

"Since we are expecting to reach an agreement with the 
Harvard team to begin their restudy of ophthalmology, we 
would view the PPRC’s recommendation that the fee 
schedule be implemented in 1990 as premature,” Dr Rei- 
necke stated. Dr Hsiao also plans to incorporate the restudy 
into his phase II work on the RBRVS, he said, and Congress 
should consider those results before enacting either the . 
Hsiao or PPRC plans in their current form. Dr Reinecke 
also called for a 4- to five-year phased implementation if any. x 
form of physician payment reform is enacted. 

MICHAEL SPRINGER 





1. Fung WE. The Hsiao (Resource-Based Relative Value Scale) Study: ex- y 
periences, impressions, and objections. Arch Ophthalmol. 1989:107:187-188. 

2. Garcia GE. The Hsiao Study: a personal perspective. Arch Ophthalmol. 
1989;107:842-348, 
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| \dvances in Neurology, vol 49: Fa- 
ial Dyskinesias, edited by Joseph Jan- 
; and Eduardo Tolusa, 538 pp, New 
fork, NY, Raven Press, 1988. $97. 


This multiauthored textbook on 
acial dyskinesias covers topics relat- 
ng to involuntary movement disor- 
-ders of the head and neck, with partic- 
 ular emphasis on involuntary ble- 
 pharospasm. It is divided into two 
. sections; the first covers the clinical 
-aspects of facial movement disorders 
.and the second discusses the treat- 
-ment of these conditions. 





.**... provides a useful reference 
ource for the neuro-ophthalmolo- 
gist or the oculoplastic sur- 
..geon. 


< The first section contains a compre- 
— hensive review of descriptive aspects 
of blepharospasm and related neuro- 

> logic diseases (eg, Meige syndrome, 
>c hemifacial spasm, lid apraxia). Be- 
yond these typical neurologic syn- 
romes, we find a more detailed 
'eview of facial stereotypes associated 
vith schizophrenia, involuntary vo- 
-ealizations, bruxism, and facial cho- 
rea. Most of these descriptive chap- 
- ters are from a neurologist's perspec- 
tive, with only limited contributions 
from ophthalmologists. Nevertheless, 
the detail with which involuntary 
facial movement disorders are re- 
viewed provides a useful reference 
Source for the neuro-ophthalmologist 
- or the oculoplastic surgeon who may 
. have a special interest in the manage- 
nent of blepharospasm or facial dys- 






















| he. second section of the book cov- 
harmacologic theory, neuroleptic 
nedicinal therapy, and botulinum 
oxin therapy for the management of 
facial dykinesia. The authors present 
.& useful and comprehensive review of 
‘neuroleptic drugs. Current informa- 
tion on botulinum toxin therapy is 
reviewed for many of these movement 
disorders, with particular emphasis 
—. given to blepharospasm management. 
- Unfortunately, a detailed review of 
. the pharmacology of botulinum toxin 
-^js absent from this volume. 
l'he final chapters by Anderson and 
offer an up-to-date review 
rgical techniques used to 
tient with severe blepharo- 
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spasm who responds poorly to botuli- 
num toxin therapy. The myectomy 
techniques are well illustrated and 
reviewed in detail. 

This volume can be useful to the 
neurologist who treats movement dis- 
orders, the ophthalmologist who is 
active in the evaluation of facial 
movement disorders or neurologic dis- 
ease, or the oculoplastic surgeon who 
performs myectomy surgery or uses 
botulinum toxin. 

GARY Boropic, MD 
Boston, Mass 


Advances in Ophthalmic Plastic 
and Reconstructive Surgery, edited by 
Stephen L. Bosniak and Byron C. Smith, 
vols 6 and 7, Orbital Trauma, parts ! 
and li, 770 pp with illus, Elmsford, NY, 
Pergamon Press Inc, 1987, $91 per vol- 
ume. 


Numerous recent advances in the 
diagnostic evaluation and manage- 
ment of ocular and adnexal trauma 
have led to the de facto establishment 
of a new ophthalmic subspecialty. A 
comprehensive review of the orbital 
aspects of this subspecialty is con- 
tained in volumes 6 and 7 of Advances 
in Ophthalmic Plastic and Recon- 
structive Surgery. 

Over 70 authors representing the 
fields of ophthalmology, opthalmic 
plastic and reconstructive surgery, 
orbital surgery, radiology, otolaryn- 
gology, oral and maxillofacial sur- 
gery, and general plastic surgery have 
contributed a total of 59 chapters. 
These chapters detail the evaluation 
and management of injuries involving 
the bony orbit and orbital soft tissues, 
excluding the eyelids and lacrimal 
system. The two-volume set begins 
with helpful chapters describing the 
general evaluation of orbital trauma 
and the ocular sequelae thereof. 

Particularly valuable, and not easi- 
ly obtainable in other texts, is the 
information presented on traumatic 
optic neuropathy and on optic nerve 
evulsion and transection. Other con- 
tributions include discussions of new 
diagnostic imaging techniques, in- 
cluding three-dimensional orbital vol- 
umetric analysis and magnetic reso- 
nance imaging. The indications for, 
and alternative methods of, repair of 
orbital floor fractures are reviewed in 
several chapters, and volume 6 con- 
cludes with a discussion of medial 













































wall, lateral wall, ind: trim 
tures. 
Volume 7 continues: the di 
of orbital fractures, -with 
valuable contributions. 
mologists, neurosuil 
maxillofacial surgeo 
management of naso 
tocranial traum 
emphasize the impo! 
skeletal fixation and 
grafting in the surgic 
niofacial injuries. The 
trating orbital trauma 
shot wounds, is well 
other chapters describe 
ment of posttraumatic o 
disorders and blepharopt 
proaches to periorbital burns ar 
bite injuries are reviewed, and discus 





“The material Sonnet. [umm 
has not. .been accessible E: 
single source . : 





sions of enucleation, evisceration, an 
reconstruction of the anophthalm 
orbit round out this two-volume se 

Criticisms of this impressive wo 
are few and are, by and large, limit 
to those often associated with multiz 
thored texts. There is redundancy, fo 
example, in the coverage of severa 
topics, including naso-orbital-ethmoi 
dal fractures (three chapters), orbita 
gunshot wounds (two chapters), an 
traumatic optie neuropathy (two ehap: 
ters). The quality of the photograph: 
varies. The line drawings and dia 
grams are of good quality, and su 
diagrams could be substituted for thi 
photographs in the description of sur 
gical techniques in future volumes. — 

Finally, I would question the appro 
priateness of including five chapter 
excerpted from LaGrange's pioneer 
ing studies of World War I orbita 
trauma victims in this book. Thes 
excerpts, however, do serve to place it 
historical perspective our current con 
cepts of orbital trauma, and empha 
size the advances (and, in some cases 
the lack of progress) that has bee: 
made in the care of patients. wit 
these serious injuries. 

Drs Bosniak and Smith. hav 
achieved their goal stated in. the p p 
face to volume 6 of compiling a sta 
of-the-art review of approaches t« 
evaluation and management of orbita 
trauma. The material contained here 
in has not, to my knowiedge, 3 bee 
















































This two-volume series will 
fore. represent a welcome addi- 
on to. the libraries of those special- 
ts involved in the care of patients 
ustaining orbital trauma. 

JOHN J. Wooa 
Boston, Mass 


The. Merck Manual of Diagnosis 
and Therapy, 15th ed, edited by Robert 
Berkow and Andrew J. Fletcher, 2695 
pp. Rahway, NJ, Merck Sharp & Dohme 
Research Laboratories, Division of Merck 
nd Co Inc, 1987, $21.50. 


dt: might surprise you to know that 
he Merck Manual has been around 
most 100 years. It has increased 
its original 262 pages in 1899 to 
st 10 times that size. There seems 





^"... the key to the book's value 
its avoidance of trivia, rare phe- 
nomena, and ‘weasel words.’ " 





to be no question about its popularity, 
since the last edition sold 800000 
copies. Thus, we are inundated with 
an ever-increasing number of books, 
lushly colored atlases, journals, medi- 
cal newspapers, videos, and computer 
programs, and yet, The Merck Manual 
sold just under 1 million copies of its 
latest edition. Does it have something 
special? Does it touch some essential 
nerve? Does it carry a fundamental 
message that medical educators 
should recognize? 
;  lthink the answer is yes to all of the 
e; In this day of enormous com- 
abases, The Merck Manual is 
ssively complete, as its 100 
pages of index testify. Topics are easy 
to find. But, to me, the key to the 
book’s value is its avoidance of trivia, 
rare. phenomena, and “weasel words." 
It gives you the big picture. For exam- 
ple, the book states, “gentamycin [sic], 
tobramycin [sic], amikacin and netil- 
miein should be used only in the treat- 
ment of serious gram negative bacilla- 
' infection.” On the same page it 
ates, “All aminoglycosides are 
nephrotoxic and ototoxic.” About the 
epidemiology of acquired immunode- 
deney. syndrome the book states, 
‘HI V [human immunodeficiency vi- 
rus] i is not transmitted by casual con- 
tact or even the close nonsexual con- 
tact that normally occurs at work, in 
school or at home. ‘Transmission to 
another person must require trans- 
mission of body substances containing 
infected cells.. " 

^ Notice the black-and- white quality 
of phrases like “must require, 
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essible in a single source up to this | 


oe 107, June 1989 







“should be used only," and “all amino- ^; 


glycosides are nephrotoxic.” Of 
course, there is a probability associ- 
ated with every event. But the authors 
of The Merck Manual understand that 
a statistical description of a disease or 
a course of action weakens the mes- 
sage. Certainly, at 3 AM, a lonely house 
officer needs to be given a useful 
direction rather than a legalistic trea- 
tise. 

Of note to ophthalmologists, the 
40-page section on the eye is a marvel 
of conciseness. It covers over 90% of 
the problems seen in a general emer- 
gency department. 

A toast to The Merck Manual—may 
it continue for another 100 years. 

DaviD MILLER, MD 
Boston, Mass 


Reviews in Neurology and Ophthal- 
mology, edited by J. T. W. Van Dalen, 
265 pp, with illus, Amsterdam, Holland, 
Aeolus Press, 1987, $55. 


Highlights in Neuro-Ophthalmolo- 
gy, edited by S. Ishikawa, 150 pp, with 
illus, Amsterdam, Holiand, Aeolus Press, 
1987, $49. 


These two short books are collec- 
tions of articles from the internation- 
al community of neuro-ophthalmolo- 


The first, Reviews in Neurology and 
Ophthalmology, contains a selection of 
review articles that were published in 
the International Journal of Neuro- 
Ophthalmology from 1980 to 1985. 
These articles include treatises on 
subjects of such general and far- 
reaching interest as the “understand- 
ing of vision” and the “organization 


. collections of articles from 
the international community of 
neuro-ophthalmology." 


and function of the neocortex." More 
pragmatic topics include ultrasono- 
graphy in the diagnosis of Graves’ 
disease and the applications of evoked 
potentials to neuro-ophthalmology. 

Two reviews by the late Dr Morris 
B. Bender discuss the clinical and 
experimental aspects of the mecha- 
nism of vertical gaze and optokinetic 
nystagmus. Other topics reviewed 
include the neuro-ophthalmie mani- 
festations of intracranial aneurysms, 
ocular motility in Graves’ disease, and 
porencephaly. Several of the reviews 
have been updated by the original 
authors in epilogues, with references 
at least as eurrent as 1985. 

The editor's goal was not to provide 


pi ath 

make these review ‘articles available 
to a less-specialized audience or to 
those who do not have access to the 
original journal. This he has accom- 
plished. The result, however, is, of 
necessity, somewhat uneven. Dr Bend- 
er's article on vertical gaze, for exam- 
ple, is a detailed, comprehensive, and 
intricate review of the clinicopatho- 
logic findings as they relate to experi- 
mental data. As such, this would be of 
interest to those already specializing 
in the field of neuro-ophthalmology. 
The reviews of ocular motility in 
Graves' disease and the eye findings 
of intracranial aneurysms, on the oth- 
er hand, are rather basic, simplified, 
not as well referenced, and are geared 
to the student or generalist. Hence, 
this book can be recommended in part 
to anyone with an interest in neurolo- 
gy or ophthalmology. It is doubtful 
that a single reader would find all of 
the material appropriate to his or her 
level of expertise, but it is convenient 
to have these articles available in a 
format outside of the original jour- 
nal. 

The second book, Highlights in Neu- 
ro-Ophthalmology, contains presenta- 
tions from the Sixth Meeting of the 
International 
Society held in June 1986, in Hakone, 
Japan. The articles are grouped by 
general subject categories: optic nerve 
and optie neuropathy; analysis of the 
optic disc, retina, and tumors; brain- 
evoked potentials and cortical func- 
tions; eye movements and eye disor- 
ders; syndromes and peculiar patho- 
logic conditions of the brain and eye; 
and new treatments and examina- 
tions. 

A review of the table of contents is 
deceptive, as it suggests an organized 
and comprehensive assemblage. On 
reading the book, however, one 


encounters an imbalanced collection ' 


of articles composed of reviews, case 
reports, experimental animal studies, 
and reports of recent advances in clin- 
ical diagnosis and treatment. Several 
of the articles are of high quality and 
represent important original contri- 
butions to the field of neuro-ophthal- 
mology. Most of the pertinent materi- 


Neuro-Ophthalmology « 


al, however, has since appeared in ENT 


other journals. 

This book may be of interest to 
neuro-ophthalmologists who were un- 
able to attend the meeting in 1986, 
and certain articles might be of inter- 


est to those investigating specific 


experimental or clinical problems. 
NANCY J. NEWMAN, MD 
Boston, Mass 


Book Reviews | E 





: Blepharospasm Research Grants Avail- 
—Benign Essential Blepharo- 
-Research Foundation Inc is 
to announce the availability of 
science and clinical research 
nts | relevant to essential blepharo- 
sm or Meigs’ syndrome. Support 
-up to $50000 is available. The 
eadline for filing applications is Oc- 
tober 1, 1989. For information or ap- 
BU plications, contact Benign Essential 
Blepharospasm Research Foundation 
Ine, PO Box 12468, Beaumont, TX 
11126-2468. 












...., Alcon Research Institute Awards.— 
: The Alcon Research Institute is an en- 
m y dedicated to vision research. The 
titute is funded by Alcon Laborato- 
ies Inc, Fort Worth, Tex, but is di- 
ected by a fully independent advisory 
committee. An award of $50000 was 
given to each of the following scien- 
-tists in 1989: Paul Chiesa, MD, College 
of Physicians and Surgeons, Columbia 
- 5 University, New York, NY; Miguel Co- 
<o> ea-Prados, PhD, Yale University School 
of Medicine, New Haven, Conn; Wil- 
fried W. de Jong, PhD, University of 
ijmegen (the Netherlands) Goro 
i, DSci, National Institute for 
iology, Okazaki, Japan; Anders 
jl, MD, University of Lund, Malmo, 
eden; Ronald A. Laing, PhD, Boston 
ass) University School of Medicine; 
: "Bernard E. McCarey, PhD, Emory Uni- 
-i versity Eye Center, Atlanta, Ga; Tho- 
.. mas H. Maren, MD, University of Flor- 
=. ida, College of Medicine, Gainesville; 

Michael F. Marmor, MD, Stanford 
(Calif) University Medical Center; 
artin Reim, MD, Augenklinik der 
ledizinischen, Aachen, West Germa- 
-Roy H. Steinberg, MD, PhD, Uni- 
of California, San Francisco; 
ette Tardieu, PhD, Centre Na- 























)bituaries 


ARMSTRONG, Richard C., 82, Seattle, 
‘Wash; University of Michigan Medical 
School, 1939; residency, University of 
‘Michigan Hospitals, 1942; certified by 

the American Board of Ophthalmolo- 
f Ru 5, 1988. 





illa d C., 83, Dayton, Ohio; 
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tional de la Recherche Scientifique, 
Gif-sur- Yvette, France. 


New Surgeon Directors at the Manhat- 
tan Eye and Ear Hospital.—The Man- 
hattan Eye and Ear Hospital Depart- 
ment of Ophthalmology announces 
that Drs Richard D. Lisman, Raymond 
Harrison, and Rene Rodriguez-Sains 
have attained the positions of Surgeon 
Directors in the Department of Oph- 
thalmology. Dr Lisman is Clinie Co- 
Chief in the Division of Ophthalmic 
Plastic Surgery, Dr Harrison is the 
Director of the Division of Glaucoma, 
and Dr Rodriguez-Sains is the Direc- 
tor of the Oncology and Tumor Service. 


Topical Meeting on Noninvasive 
Assessment of the Visual System Focused 
on Eye Diseases.—The development of 
noninvasive procedures to evaluate 
the functional and structural proper- 
ties of the visual system in ophthal- 
mic diseases was the focus of the Fifth 
Topical Meeting on Noninvasive 
Assessment of the Visual System, 
held February 13 through 19, 1989, in 
Santa Fe, NM. 

Forty contributed reports covered a 
diversity of topics directed toward a 
better understanding of ocular and 
neurologic disease mechanisms. Pre- 
sentations included discussions of 
recent advances in the study of inher- 
ited and acquired visual disorders, 
such as glaucoma, diabetic retinopa- 
thy, and amblyopia; assessment of 
new methods for visual acuity mea- 
surement; analysis procedures in clin- 
ical electrophysiology; imaging tech- 
niques for the study of vitreous abnor- 
malities and fundus characteristics; 
procedures for the appraisal of vascu- 
lar abnormalities; methods for the 
evaluation and correction of low- 


University of Cincinnati College of 
Medicine, 1931; residency, University 
of Michigan Hospitals; certified by 
the American Board of Ophthalmolo- 
gy; died February 7, 1989. 

COLES, Rebert Sohn, 68, New York, 
NY; New York University School of 
Medicine, 1945; certified by the Amer- 
ican. Board of Ophthalmology; died 
January 4, 1989. 












































HNIC: ng 
evening session entitled "Resea: 
Frontiers in Retinal Disease," Geral 
A. Fishman, MD, Department of Oph 
thalmology, University of Illinois : 
Chicago College of Medicine, an 
Janet S. Sunness, MD, The Wilm 
Ophthalmological Institute, Th 
Johns Hopkins University, Baltimore 
Md, provided an overview of. unre 
solved issues in the diagnosis an 
pathophysiology of inherited an 
acquired retinal disorders.. 

The next Noninvasive Assessmi 
of the Visual System meeting wil! 
held February 5 through 9, 1990, 
the Hyatt Lake Tahoe, Incline Village 
Nev. The deadline for submittin: 
abstracts is September 8, 1989. Fur 
ther details are available from 
Optical Society of America, 1816 J 
ferson Pl NW, Washington, DC MA 
(202) 223-0920. 





Increasing Patient Referrals to Clinic i 
Trials.—The new edition of Clinica 
Trials Su pported by the National Ey 
Institute is intended to increase pa 
tient referrals to ongoing clini 
trials from practitioners and to h 
disseminate information about. 
results. The booklet contains brief de 
scriptions of each of the 20. clinical tr 
als that the National Eye Institute 
Bethesda, Md, currently funds and in 
cludes information on each trial's | pur 
pose and design, patient reeruitmen 
goal and eligibility criteria, curren 
status, and bibliography. It. also list 
the names of professional and insti 
tional participants, study cha m 
clinical centers, resource cen 
data and safety monitoring 
members. For further info 
contact Judith Stein at the Depa 
ment of Health and Human Ser 
Public Health Service, National Inst: 
tutes of Health, Bethesda, MD 20892 
(301) 496-5248. | 











ELLIS, Earl W., 81, Elgin, Minn; 1 Uni 
versity of Minnesota Medical School 
1933; died February 9, 1989. | 
LONG, William Brenisen, 58, -Blu 
Ridge, Ga; University of North Caro i 
na at Chapel Hill School of Medici 
1964; residency, Gill Memorial EE 
Hospital, 1967; died December - 24 
1988. ! 
WILLIAMS, Neil S., 63, Beaufort, ,SC 
Jefferson Medical College of. Thoma: 
Jefferson University, 1949; certifie 
by the American Board of Oph " 
mology; died Feo 28, 1989. 
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f John A. Dowling 


-Academic position beginning Jan 1, 1990, at Assistant or “This book presents a marvelous distillation of 
eee MEO . information about the vertebrate retina from the 
- Associate Professor level for basic scientist (PhD) interested M | vantage point of one of the major contributors 


in retinal function. Women and minorities are encouraged to E. tO retinal physiology. It brings together a huge 
un | and complex literature, and makes good sense 


apply. | out of it. It is extremely well written” 
z B —Michael Marmor, M.D., 
| Stanford University School of Medicine 


-Send Curriculum Vitae to: ! “John Dowling has addressed the need for a read- 
f able overview of what is known about the func- 
| tional organization of the vertebrate retina...This 
E* . well written book should be available to all who 
Lee M. Jampol, M.D., Chairman | are interested in how the retina works’ 
Department of Ophthalmology ! Da a ToO 
iB B — American Journal of Ophthalmology 
303 E. Chicago Avenue EM $3750 cloth 
Chicago, IL 60611 : 
Harvard University Press 


79 Garden Street, Cambridge, MA 02138 
(617) 495-2480 


The Medical College of Ohio has Full-time faculty position for reti- 

full-time academic faculty positions nal/vitreous surgeon, including . 

at the Assistant/Associate Profes- clinical/surgical care with a reti- Fellowship 
or level available in: nal/vitreous faculty group, re- 

search responsibilities, teaching 


duties, and administrative assign- Fellowship available i in Coi 


ments. Candidates must have a neal External Disease— | 
medical degree with specialty in 


ophthalmology and be board certi- Contact Lenses/ Anterior l 
fied or eligible. Salary and rank | | Segment July 1990-1991. & 
commensurate with training and 

experience. Starting date as early on 

as 6/1/89. Forward letters of Write: 

application and CVS to: Department of 


Gerald Fishman, MD Ophthalmology 


Department of Ophthalmology University of 
University of Illinois College Connecticut 
of Medicine at Chicago Farmington, CT 
1855 W. Taylor 06032 


Chicago, IL 60612 | 203- mie T 


jornea/ External Disease 
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NDICATIONS AND USAGE: OPTICROM is indicated in the treatment of certain allergic 
Ocular di iau referred to by the terms vernal keratoconjunctivitis, vernal coniunctivitis, 
giant papillary conjunctivitis, vernal keratitis. and allergic keraioconjunctiviis. The etiologic 
Ctors are unknown, but common airborne allergens and contact lenses have been imph- 





Symp! omatic response to therapy (decreased itching, tearing, redness, and - scharge) is 
Sually evident within a few days. bul ongel treatment for up to Pa weeks is sometimes 
quired. Once symptomatic improvement has been established, therapy should be con- 
nued for as long as needed to sustain improvement 


d i required, corlicosterods may be used concomiantly with OPTICROM 


Users: 6f soit (hydrophilic) contact lenses should retrain from wearing lenses while under 
1 reaime } sth EO fend Contraindications). Wear can be resumed within a few 
































m or to any of the other ingredients 
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ontact lenses during treatment with OPTICROM. 


y experience a transient stinging or burning sensa- 





il nihe intraperton fear went arts by 42 mont hs obser vation) i}, and rats (18 months 
subcutaneous treatment) showed no neoplastic effect of cromolyn sodium. 


No evidence of chromosoma! damage or cytotoxicity was obtained in various mutagenesis 
studies, 
No evidence of impaired fertility was shown in laboratory animal reproduction studies 


Pregnancy: Pregnancy spe pal) B. Reproduction studies with cromolyn sodium adrninis- 

tered-parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 

cinica doses produced no evidence of fetal malformations. Adverse feta! effects increased 

resorption and decreased fetal weht were noted only al the very high parenteral doses 

that produced ma aternal toxicity. There are, however, no adequate and well controlied studies 

in-pregnant women. Because animal reproduction studies are not always predictive of 
jn an response, ihis drug should be used during pregnancy only if clearly needed 


Nursing Mothers: il is not known whether this drug is excreted in human milk. Because 
y drugs are excreted in human mik, caution should be exercised when OPTICROM is 
administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 4 years have not been 
itablished. 


ADVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
use of OPTICROM, on the basis of ere folowing readministration. is transient 
ocular stinging or burning upon instillatio 


The following adverse reactions have been reported as mirequent events. it is unclear 
whether they are attributable to the drug: conjunctival injection, watery eyes, itchy eyes, 
dryness around the eye, puffy eyes, eye irritation, styes 


CAUTION: Federal law prohibits dispensing without prescripbon. 
OPTICROM® is a registered trademark of FISONS pic. 


REFERENCE: 1. Allansmith MR, Abelson MB: Ocular Allergies. In: The Cornea. ed. 
Smolin. RA Thott (Little, Brown and Co., Boston/ Toronto, 1983); 231-43. 
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Are 20% of your patients illegal drug abusers? 10% ? 5% ? No matter; some 
are. And you might be able to help them. Perhaps with advice. Maybe with 
a referral. But you can't help them if you don't know who they are. And that- 
means keeping your eyes open. For further information, please call the 

National Clearing House for Alcohol and Drug Abuse at (301) 468-2600 
between 8:30 a.m. and 5:00 p.m. (EST). 








Partnership fora Drug-Free America. 





















When something is missing, 
its just not the same. 


Of course it's not the same. 


. . Refresh? Lubricant Ophthalmic Solution is missing something found in every other 
a artificial tear — preservatives. 


TF And no preservative eliminates the potential iatrogenic effects of frequently applied 
_ preserved tear supplements. Preservatives can adversely affect the lipid layer and chronic 
instillation of preserved tear substitutes may be cytotoxic to corneal and conjunctival tissue.! ? 


Whats more, Refresh is a dual-polymer artificial tear. One polymer is povidone 

(—— The other is Liquifilm® (polyvinyl alcohol 14%). It has less of an 
effect on corneal epithelium regeneration than methylcellulose 0.5% and isotonic saline.? 
Plus, Liquifilm offers instant wettability and stabilizes the precorneal tear film while 
ping to supplement mucin and fluid deficiencies? ^ 
rue, your dry eye patients who require an occasional tear supplement eee 
be fine with a preserved tear. For more chronic users, however, or @ 
patients with conjunctival staining or unrelieved subjective 
iptoms, an upgrade to preservative 


» Refresh should be considered. DUAL Pe JLYMEHR I lit " 


— . And while everybody else 

-. . continues to debate the relative 

.. merits of one preserved artificial 

~~ tear over another, something 


D vit still be missing The Extra Polymer 
b Refresh. | You May Be Missing. 
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3. Krishna N, Brow E. Polyvinyl alcohol as an ophthalmic vehicle: Effect on regeneration of corneal epithelium: Am J Ophthalmol 1964;57(1):99-106. 

4 Jones LT. The lacrimal secretory Dye and its treatment. Am J Ophthalmol 1966:62( 1947-60. 





At Last 
A Standard Electroretinography Protocol 


he SPECIAL ARTICLE in this issue of the ARCHIVES! 
-A on a standard protocol for electroretinographic 
: (ERG) testing represents a major advance for clini- 
-cal electroretinography. Although the ERG has been 
~ used clinically for more than 40 years, to date there 
=- has been no uniformly accepted method for recording 
the signal, since various laboratories have employed 
~~ different technologies and recording conditions (for 
—- -such components as flash intensity, duration of 
adaptation, and stimulus color). As a consequence, it 
is difficult to compare ERG data throughout the 
3 world, either for the purpose of interpreting scientif- 
“w ie literature or for the benefit of an individual 
patient who may be seen in different laboratories. 
Other medical tests such as the electrocardiogram 
-and electroencephalogram have been standardized to 
|. varying degrees, while the ERG remains vulnerable 
^. to individual bias. We can now anticipate that stan- 
dards will be developed before long for other oph- 
thalmie procedures such as electro-oculography, 
visual-evoked cortical potentials, and psychophysical 
tests. 
The International Society for Clinical Electro- 
— physiology of Vision (ISCEV) was founded over 25 
... years ago with a charter mandate to standardize the 
ERG, in response to an increasing demand for the 
nternational communication of data obtained in a 
rm fashion. ISCEV prepared a report on instru- 
ation and procedures in visual electrophysiolo- 
in 1981, and the final goal of standardization has 
iow been accomplished with the guidance of ISCEV 
^ and with support from the National Retinitis Pig- 
^ . mentosa Foundation Fighting Blindness, Baltimore, 
—. Md. 

The text of this standard protocol is an outgrowth 
of a meeting convened in November 1987 by the 
National Retinitis Pigmentosa Foundation to facili- 
tate the process of ERG standardization. This meet- 
— . ing, chaired by one of us (M.F.M.), brought together a 
<- group of US investigators to draft a standardization 
d oposal. The document produced was reformulated 
| international committee composed of one of us 
M., representing the National Retinitis Pig- 

a T MROAHOR) Geoffrey B. Arden, PhD (rep- 
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resenting the International Council of Ophthialin 
gy and ISCEV), and Sven Erik G. Nilsson, MD, 
and Eberhardt Zrenner, MD (representing IS 
The recommendations of the international coi 
tee were reviewed by additional interna 
experts, and a final text was debated and refine 
the May 1988 meeting of ISCEV in Lisbon, Port 
gal. 

The ERG standard defines five basic respoi 
that will be of value to most ERG studies: (1) a 
response (dark-adapted, weak stimulus); (2) a max 
mal response to mixed rod and cone signals. (d. 
adapted, strong stimulus); (3) a record of oscillate 
potentials; (4) a single-flash cone response (lig gh 
adapted, strong stimulus); and (5) a cone response 
a flickering stimulus. The rod response is particula 
ly useful to document hereditary night-blinding di 
orders and conditions that involve peripheral retin 
function, such as diffuse inflammatory disease. T] 
cone response is used to diagnose cone dysfunction , 
hereditary or acquired disease. Flicker responsi 
document ERG timing that can help with judgmen 
about vascular disease or with diseriminatio 
between dystrophies and acquired degeneration 
The maximal response provides an overall indicatio 
of how much of the retina is functional, and. can | | 
useful for conditions such as traumatic retin ir 
age or in the evaluation of visual imp 
infants. The oscillatory potentials are us 
orders that cause retinal ischemia, suc 
retinopathy and retinal vein occlusion. 

The ERG standard defines the appro 
adaptation and stimulus light intensitie 
that these responses will have similar amp! 
waveform among different laboratories. The prot 
col recommends specific technology, such as ‘the Us 
of corneal contact lens electrodes and a. full-field 
stimulus diffuser (to illuminate the entire retin 
uniformly), which are critical if stable and compa 
able responses are to be obtained. Finally, the prot 
col recommends that normal values be establishe 
for each response, and that ranges of normal 
included on all reports or publications. The docu 
not only provides standards to be met by existir 

























































G bor: ories and for manufacturers who devel- 
p ERG recording equipment. 

-It is important to emphasize that the ERG stan- 
ard represents only a minimum protocol to record 
ve very basic responses. Many established ERG 
aboratories use more complex procedures to record 
\dditional data that are of interest to their particu- 
' investigations. The ERG standard does not dis- 
'ourage such individualized methodology —it simply 
isks that along with any other tests, a set of stan- 
lard responses be recorded in the prescribed man- 
er. 

This new ERG standard will likely have substan- 
ial benefits for ophthalmology. It will appreciably 
mprove the scientific literature on retinal disease, 
sofar as data from diverse publications can be 
ore accurately compared. It will meaningfully con- 
ute to the management of patients worldwide 
who travel to new locations, or seek consultation 
m different physicians. It is hoped that it will 
pur manufacturers to produce commercial units 
hat provide at least a minimum quality of technolo- 
gy, although the standard recommends that instru- 
mentation be considerably more versatile to account 





of Newborns 


In n the past few years the routine practice of instill- 
ing 1% silver nitrate drops as prophylaxis 
against conjunctivitis, in the newborn has been chal- 
enged. Many states in this country have changed 
lations to include instillation of antibiotics as an 
ternative. The United Kingdom stopped requiring 
ophylaxis of any form more than 25 years ago and 
reden stopped approximately 8 years ago. Howev- 
,in Sweden prophylaxis is still used in infants born 
mothers who did not receive comprehensive pre- 
leare. In the past 2 years there have been some 
rials. in nonophthalmic journals discussing 
sues, as well as a number of articles reporting 
additional information. 

difficult, if not impossible, to derive a univer- 
al | policy on prophylaxis that addresses the issues of 
prevention of blindness, the prevalence of infectious 

















priam! in places of birthing, and the concepts of 
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ut also à serves as a guide for n new for fi future advances Since iti 


Controversies in Ocular 


diseases, differences in frequency and intensity of. 
prenatal care, eost-effectiveness, social customs, 








for quadrennial revision, the standard king 
document that will expand. as new technologies and 
applications arise. For all these advantages, its 
ultimate success depends on acceptance and strict 
adherence by the ophthalmic community. Editors 
and reviewers of manuscripts submitted for publica- 
tion are encouraged to request that authors adhere 
to the basic tenets of this standardization document 
so that the goal of uniform testing will effectively be 
achieved. 

MICHAEL F. MARMOR, MD 

Stanford, Calif 


GERALD A. FISHMAN, MD 
Chicago, Ill 
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Prophylaxis 


bonding. There are certain generalities and emerging ~ 
data on the effectiveness of prophylaxis regimens, 
including cleansing of the eyelids and instillation of 
various agents, most notably silver nitrate, erythro- 
mycin, and tetracycline. The following discussion is 
meant to synthesize the current information and 
give ophthalmologists appropriate facts to use in 
decision making regarding prophylaxis in the hospi- 
tals in which they practice. 

Conjunctivitis of the newborn is the term used by 
the World Health Organization for any conjunctivi- 
tis with discharge occurring in the first 28 days of 


life (this includes presumed gonococcal ophthalmia 


neonatorum and presumed chlamydial inclusion. 
blennorrhea).' Several studies have documented its 
multiple causes. In the United States, adult gonococ- 
cal infections continue to be common, with more 


than 900000 cases reported to the Centers for Dis- . 


ease Control, Atlanta, Ga, in 1986." Yet, the number 
of cases of gonococcal conjunctivitis of the newborn 
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remains remarkably | low. "with a | prevalencó of 
approximately 0.0495. This is undoubtedly due to 
—. prenatal detection and treatment as well as prophy- 
. laxis. The same can be said for other developed 
countries. In contrast, there are frequent reports of 
es in some Third World countries and some 
ions of developed countries. For example, the 
'evalence of gonococcal conjunctivitis of the new- 
born in Nairobi, Kenya, where no prophylaxis was 
A used in 1984, was 3.6%. The original studies by 
~ Credé‘ and the recent one by Laga and coworkers’ 
document the efficacy of immediate cleansing of the 
eyelids and the instillation of silver nitrate drops 
immediately after birth. In the study by Laga et al,’ 
1% silver nitrate drops decreased the incidence by 
83%. Chemical conjunctivitis is associated with this 
form of prophylaxis but did not seem to predispose 
. infants to infections with chlamydia and other 
"* microorganisms. 
=o  Laga and associates? also studied the efficacy of 
-immediate prophylaxis with 1% tetracycline oint- 
ment in Nairobi, and included infants who were 
exposed to penicillinase- -producing Neisseria gonorr- 
-. hoeae strains and strains of gonococci resistant to 
— ^ tetracycline. This antibiotic decreased the incidence 
`- “of gonococcal conjunctivitis of the newborn by 98%. 
While tetracycline does not cause chemical conjunc- 
tivitis, it may cause some interference with bonding 
between the infant and parents because of its tempo- 
rary blurring effect on vision. 
y... At present there are no comparable published 
studies evaluating the efficacy of 0.5% erythromycin 
“ointment for prophylaxis against gonococcal con- 
< . Junetivitis of the newborn. There seems to be a 
. . eonsensus that it is probably as effective as tetracy- 
cline, and its use as a prophylactic is supported by 
the American Academy of Pediatrics, Elk Grove 
Village, Ill, and recommended as acceptable by the 
Centers for Disease Control.’ 
In recent years, Chlamydia trachomatis has been 
recognized as the most common cause of conjunctiv- 
itis of the newborn and many studies have evaluated 
— - the effectiveness of prophylaxis protocols in prevent- 
. ing this infection.5*'* An early study suggested that 
?rophylaxis with 0.5% erythromycin ointment pre- 
ed chlamydial conjunctivitis of the newborn, 
e silver nitrate did not? Subsequent studies 
led to support this finding, and the issue of delay 
: n prophylaxis administration to allow bonding 
 .. might be a factor."^ The issue is not yet resolved. 
=- However, Laga and associates? have shown that 
- silver nitrate prophylaxis reduces the incidence of 
- chlamydial conjunctivitis of the newborn by 68% 
while 1.0% tetracycline reduces this rate by 77%. 
However, neither prophylaxis regimen prevented 
» subsequent nonocular chlamydial infections, includ- 
_. ing pneumonitis. There are virtually no reports of 
is “permanent ocular injury following chlamydial con- 
.junetivitis of the newborn. 
e other microbial causes of conjunctivitis of the 
jorn are infrequent, almost certainly acquired 
ing ey, and not affected by ocular pro- 
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pneumoniae, Branhamella catarrhalis, H. aemophil 
parainfluenzae, Streptococcus group D, and. Pseuc d ' 
monas aeruginosa. E 

Thus, ocular prophylaxis should be targate 
against N gonorrhoeae and C trachomatis. The da: 
from Nairobi indicate that either 1% silver nitrat 
or 1% tetracycline markedly, but not completel: 
reduce the incidence of infections with. either « 3 





cleansing of the eyelids immediately after birth. ° Th 
efficacy of erythromycin ointment (0.5% ) is probabl 
comparable but has not been studied as thoi 
oughly. 
The issue of delaying prophylaxis to allow bonding 

is not settled. However, it appears from the Nairobi 
data that immediate prophylaxis gives better protec- 
tion than the delayed regimens studied in the United. 
States. 
The issue of discontinuing prophylaxis is no 
answerable in the universal sense. Clearly, prophy 
laxis is needed for all infants who are exposed, an 
currently it is impossible to select this group wit: 
certainty. Since appropriately administered prophy 
laxis, including 1% silver nitrate in wax ampules 
carries no long-term morbidity and since gonococea 
conjunetivitis of the newborn is a blinding condition 
it seems foolhardy to adopt a universal policy of. no 
ocular prophylaxis. The cost, availability, and practi- 
cality of application can be used to select one of the 
three agents. At the very least, children born to 
parents who are in recognized risk groups in the. 
region of a particular hospital or who have had 
inappropriate or incomplete prenatal care should 
receive prophylaxis. " 
JOHN W. CHANDLER, MB. 

Madison, Wis 1 
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ternational Standardization Committee 


4 ull-field eleetroretinography (ERG) is a widely 
- used ocular electrophysiologic test, and a basic 
protocol should be standardized so that certain 
responses will be recorded comparably throughout 
the world. We propose standards for five commonly 
obtained responses: 


p (1) A maximal response in the dark-adapted eye 
. (2) A response developed by the rods (in the dark- 
|  . adapted eye) 

(3) Oscillatory potentials 
. (4) A response developed by the cones 
- (5) Responses obtained to a rapidly repeated stimulus 
. A (ficker) 
.. While this document is intended as a guide to 
practice and will assist in interpretation of ERGs, we 
recognize that there are many additional techniques 
and protocols that certain laboratories may choose to 
use. The standard describes simple technical proce- 
dures that allow reproducible ERGs to be recorded 
under a few defined conditions. Different procedures 
ean provide equivalent ERG responses. It is incum- 
bent on users of alternative techniques to demon- 
strate that their procedures do in fact produce 
signals that are equivalent in basic waveform, ampli- 
tude, and physiologic significance to the standard. 
l Our intention is that the standard method and 
responses be used widely, but not to the exclusion of 
Other responses or additional tests that individual 
laboratories may choose or continue to use. We also 
recognize that the investigation of certain eye condi- 
tions may not require all five of the standard 
esponses. In addition, specialized types of ERG (eg, 
foeal ERG, early receptor potential, pattern ERG, 
Delight flash - ERG, prolonged: flash ERG, and DC 
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andard for Clinical Electroretinography 


Because of the rapid rate of change of ERG 
techniques, these standards will be reviewed every 
four years. We have made recommendations that 
commercial recording equipment have the capability 
to record ERGs under conditions that are outside the 
present standard but that are nevertheless either 
widely used or likely to be needed in the future. Note 
that this document is not a safety standard and does 
not mandate particular procedures for individual 
patients. 

The organization of this report is as follows: 


Basic technology 

Light diffusion 

Electrodes 

Light sources 

Light adjustment and calibration 

Electronic recording equipment 
Clinical protocol 

Preparation of the patient 

ERG measurement and reporting 
Description of the five standard responses 

Rod response 

Maximal response 

Oscillatory potential 

Single-flash cone response 

Flicker response 


BASIC TECHNOLOGY 
Light Diffusion 


We believe strongly that full-field (Ganzfeld) 


dome stimulation should be used. With focal flashes, 
the area of retinal illumination is not uniform, and 
its extent is unknown (although focal flashes may be 
used for certain specialized ERG tests). Ocular dif- 
fusers (eg, 100-diopter or opalescent contact lenses) 
are also less desirable, since there is no way to 


accurately measure the illumination produced by : 


such devices. 
Electrodes 


Recording Electrodes.—Corneal contact lens elec- 
trodes are recommended for basic full-field record- 


ing; they should have an optical opening as large as 


possible and incorporate a device to hold the lids 
apart. The corneal surface should be protected dur- 
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i |! with a nonirritating and nonallergenic i ionic 
conductive solution that is relatively nonviscous (eg, 
0.595 methyl cellulose). Skin electrodes and other 
types of corneal electrodes (eg, wicks, fibers, and 
8) are less stable than corneal electrodes and may 
be comparable for ERG amplitude and waveform 
asurements. 
Reference Electrodes.— Reference electrodes may be 
icorporated into the contact lens-speculum assem- 
bly to make contact with the conjunetiva ("bipolar 
electrodes"). Otherwise, skin electrodes can be placed 
centrally on the forehead or near each orbital rim as 
a reference for the corresponding eye. Other posi- 
tions may not be equivalent. 

Ground Electrodes.—A separate skin electrode 
Should be attached to an indifferent point and con- 
nected to ground. Typical locations are on the fore- 

,, head or ear. 

~ . . Skin Electrode Characteristics.—Skin electrodes 
œ used for reference or ground should have 10-kQ or 
=- less resistance measured at 30 to 200 Hz when 
applied. The skin should be prepared by cleaning and 
-use of suitable conductive paste to ensure good 

= electrical connection. 
| -^. Electrode Stability.— Whatever corneal and refer- 
ence electrode system is used, the baseline voltage in 
the absence of light stimulation should be stable. 
Some electrode systems may need to be made of 

nonpolarizable material to achieve this stability. 
| Electrode Cleaning.— Recording the ERG involves 
 $- the exposure of corneal electrodes to tears and 
. exposure of the skin electrodes to blood if there has 
_.. been any abrasion of the skin surface. We advise that 
.. . electrodes be suitably cleaned after each use to 
^^ prevent transmission of infectious agents. The clean- 
ing protocol should follow current standards for 
devices that contact skin and tears. 










Light Sources 


Stimulus Duration. — The standard is based on stim- 
uli of duration considerably shorter than the inte- 
gration time of any photoreceptor. Thus, the light 

stimulus should consist of flashes having a maxi- 
‘mum duration of 5 ms.! Short-flash durations may be 
ained from gas discharge tubes, from strobo- 
- <>> scopes, and potentially from other devices. 
e Stimulus Wavelength.— The stroboscopic flash tubes 
- . jn use have a color temperature near 7000 K and 
should be used with domes or diffusers that are 
visibly white. Colored filters are used by some labo- 
ratories to enhance the separation of rod and cone 
responses, but this is not part of the standard.’ 
Stimulus Strength.— A standard system is defined as 
one that produces a stimulus strength (in lumi- 
nance- time) at the surface of the Ganzfeld bowl of at 
— least 1.5-3.0 ed. m"?. s (note that these are photomet- 
- rie units and that 3.43 ed. m^? = 1 fL)? A flash of this 
. strength will be called the standard flash (SF). 
Background Illumination.—1In addition to producing 
shes, the stimulator must be capable of producing 
steady and even background luminance of at least 
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17-34 ed. m^? (5 to 10 fb across the full field. 

















































standard, a white background is used, but w 
nize that colored backgrounds may also be E 


Light Adjustment and Calibration | 


Adjustment of Stimulus and Back: 
Methods of modifying both the stir 
ground intensity must be provided. We 
that a standard system be capable of a 
flash strength from the SF over a range of : 
log units, either continuously or in steps. of ni 
than 0.25 log unit. The method of attenuation shov 
not change the wavelength composition of the lig 
The background luminance needs sufficient adju | 
ability to calibrate and recalibrate the intensity t 
the levels specified below under “Single-Flash Cone 
Response.” It is preferable that the color tempera- 
ture of the background should not alter with intensi- 
ty. We recognize that the stimulus and backgrounc 
requirements for a full range of ERG testing are 
both more extensive and more stringent, and we 
recommend that equipment manufacturers exceed 
the minimum standard.‘ 

Stimulus and Background Calibration.—The stimulus 
strength (in luminance- time) produced by each flash 
on the surface of the Ganzfeld bowl must be docu- 
mented by the user or manufacturer, ideally with an 
integrating photometer (luminance meter) placed at 
the location of the eye. The light output per flash of 
most stroboscopes varies with the flash repetition 
rate; therefore, separate calibrations will need to be — 
made for single and repetitive stimuli. The photome- - 
ter must record the luminance of the Ganzfeld bowl’s . 
surface, must meet international standards for 
photometric measurements based on the photopic 
luminous efficiency function (photopic luminosity - 
curve), and must be capable of recording the total 
output of very brief flashes. The committee recom: 
mends that in the future, manufacturers of stimula- 
tors provide a suitable photometer as part of the 
equipment. Background luminance may be measured - 
with the same instrument, in a nonintegrating — 
mode. U 

Recalibration.—Light output from the dome may 
vary with time from changes in the flash tube, the- 
tube power source, the background light bulbs, the - 
attenuation systems, or the paint in the dome. This — 
may be especially critical for background illumina- 
tion provided by incandescent sources. Responsibili- : 
ty for electronic stability and warnings about 
sources of instability should rest with the manufac- 
turers of the equipment; however, at present this 
cannot be presumed. The frequency with pelea 
recalibration of flashes and backgrounds is r : 
will vary from system to system and 
as weekly for some units. Self-ca } 
to be encouraged. a 


Electronic Recording quipmen 
Amplification and Display Systems. —We 
that the bandpass of the aman a and pre 
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oscillatory potential recordings and special 
equirements. We advise that the input impedance of 
he preamplifiers be at least 1 MQ. Amplifiers should 
enerally be AC coupled and capable of handling 
ffset potentials that may be produced by the elec- 
rodes 

- Display System.— We strongly recommend that the 
-equipment that provides the final record be able to 
represent, without attenuation, the full amplifier 
bandpass. Good resolution can be achieved with 
-oscilloscopes or computer-aided systems but not with 
‘direct pen recorders. With the computer-aided sys- 
tems, it is important that responses be displayed 
promptly so that the operator can continuously 
monitor stability and make adjustments during the 
-test procedure. 

— Patient Isolation.—We recommend that the ampli- 
fiers must be electrically isolated from the patient, 
according to current standards for safety of biologic 
ecording systems used clinically. 








CLINICAL PROTOCOL 
Preparation of the Patient 


| Pupillary Dilatation.—We recommend that pupils 
. be maximally dilated for all ERG recordings in this 
standard and that pupil size be noted when dilata- 
‘tion is, for any reason, less than maximal. 

= Initial Dark Adaptation.—Dark adaptation for at 
least 20 minutes is required to achieve a relatively 
Stable physiologic condition and relatively maximal 
cotopie responses. The ERG recording electrodes 
an be inserted under dim red light at the end of this 
iod to minimize corneal irritation from the elec- 


eexposure to light. —We advise that fluorescein 
graphy or fundus photography be avoided 
ERG testing, but if these examinations have 
erformed, a period of dark adaptation of one 
needed. It is usually preferable to record 
responses to weak flashes before the mixed 
‘responses to more intense flashes, to mini- 
ght adaptation, and to reduce the time that 
he p: atient wears the contact lens electrode. 

- Fixation.—A fixation point is useful but not essen- 
tial. Some patients will not be able to see it, and the 
-Ganzfeld dome minimizes the need for accurate 
fixation. In the absence of fixation, patients can be 
instructed to look straight ahead and keep their eyes 


ERG Measurements and Recording 


Measurement of the ERG.—Both amplitude and 
mplicit time should be measured for selected ERG 
ignals. For. practical purposes the variables most 
ften measured are the cone, the rod, and the maxi- 
ial. b-wave amplitudes and the cone or flicker 
-wave time-to-peak. According to current conven- 
tion, the a-wave amplitude is measured from base- 
line to a-wave trough, the b-wave amplitude is 
measured from a-wave trough to b-wave peak, and 
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de the geh 0. 3 to 300 Hz and be 5 adjustable 





the ne fimetopak ds ‘measured rom flash 2 


onset to the peak of the wave. 

Normal Values.— We recommend that each labora- 
tory establish or confirm normal values for its own 
equipment and patient population and that all ERG 
reporting (whether for local records, publication, or 
even for nonstandard responses) include normal 
values and the limits of normal. Some manufacturers 
may choose to distribute norms for their standard 
protocols. An effort is underway to establish world- 
wide norms. 

Reporting the ERG.—Standardization of ERG 
reporting is critical to the goal of having comparable 
data worldwide. We recommend that reports or 
communications of ERG data include a representa- 
tive waveform of each of the standard responses (if 
performed) displayed with amplitude and time cali- 
brations and labeled with respect to stimulus vari- 
ables and the state of light or dark adaptation. The 
strength of stimulation (cd. m ?.s) and light adapta- 
tion (ed. m?) should be given in absolute values. The 
reporting forms should indicate whether the record- 
ings meet the international standard. We recommend 
that the basic numerical measurements listed above 
be extracted from the data and listed along with the 
normal values and their variances (that must be 
provided on all reports). 


SPECIFIC RESPONSES 
'Rod Response' 


We recommend that the rod response be the first 
signal measured after dark adaptation, since it is the 
most sensitive to light adaptation. The standard 
stimulus is a dim white flash of strength 2.5 log units 
below the white SF (see above); We advise a mini- 
mum interval of 2 seconds be between flashes. Blue is 
equally appropriate if equated to the white stan- 
dard.? 


Maximal Response 


The maximal response is to be produced by the 
white SF, in the dark-adapted eye. We recommend 
an interval of at least 5 seconds between stimuli. 
This response is normally produced by a combination 
of cone and rod systems. 


Oscillatory Potentials 


Oscillatory potentials are obtained from the dark- 
adapted eye, using the same white SF. However, the 
high-pass filter must be reset to 75 to 100 Hz, so that 
an overall bandpass of 75 to 100 Hz on the low end 
and 300 Hz or above at the high end is achieved. 
Filters should attenuate sufficiently to achieve this 
result. Users should be aware of and test for artifacts 
(eg, phase shifts or ringing) that may be produced by 
present day filters. The oscillatory potential 
response varies with stimulus repetition rate and 
changes after the first stimulus. To standardize the 


response, we recommend that flashes be given 15- 


seconds apart and that only the second or subsequent 
responses be retained or averaged. 


a 


( 
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gle-Flash ‘Cone Response’ — 















advise that to achieve stable and reproducible cone 

sponses, the rods be suppressed by a background 
luminance of 17 to 34 ed. m^? (5 to 10 fL) 
ed at the surface of the Ganzfeld bowl. We 
end that the higher value of the background 
hosen if the stimulus flash is at the upper end of 
llowable SF range and the lower background 
lue chosen if the flash stimulus is at the lower end 
the range. The intention is that all standard ERG 
recording systems have an identical intensity ratio 
between the SF and the rod-suppressing background, 
equivalent numerically to 3.0 (ed. m^?.s) divided by 
34 (cd-m). We recommend that patients light adapt 
to the background luminance for 10 minutes before 
- recording the cone ERG, since the cone responses 
= may increase during this period. 

















Flicker Responses 


"lieker responses are to be obtained with SF 
uli, under the same rod-suppressing background 
Humination, after recording the single-flash cone 
i aes Recording the flicker response in the light- 


1. Prolonged-flash ERGs are currently used for studying slow 
© potentials and off-responses that are outside the scope of the 
-— Standard. We recognize that one can adjust the intensities of long 
-. flashes to produce response amplitudes equivalent to those pro- 
duced by brief flashes; thus, standard ERG responses can be 
ned from such longer stimuli. However, this procedure 
s careful comparison of “V/log I" curves and particular 
to avoid interference from off-responses and signal attenua- 
by light adaptation (ie, the interstimulus interval must be 
ppropriately lengthened). The verification of equivalence to the 
— standard ERG is recommended only for laboratories with special 
p. needs. 

/ 2. Chromatic stimuli offer certain advantages in the separation 

of cone and rod responses, but the calibration of colored stimuli 

->< and the relation of the responses produced to the standard ERG 
> requires special procedures. We recommend that white flashes be 
<> used for the standard responses in addition to other stimuli that 

= may be used. 

-..:8. This measurement can in practice be made with inexpensive 
guitmeters that integrate the flash output over time (see "Light 
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: ^ adapted 4 state e reduces « discomfort and 


We propose the white SF as the stimulus and | photopic adaptation to be standardized. We id 
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strongly that flashes be presented at a rat 
stimuli per second, and the first few response: 
should be discarded so that stable condition 
reached. Some flash tubes do not produce full outpu 
while flickering, and separate calibration | 
change in neutral density filtering may be needed to 
keep as closely as possible to the standard. 3 
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Adjustment and Calibration" section). Technically, the standa 
describes a source that delivers at the cornea the same numb 
quanta during the period of its flash as would be produced 
second by the Ganzfeld bowl when continuously illuminated b 
source that produces a luminance of 1.5 to 3.0ed-m™ 
4. We recommend that the flash source of commercial i in: 
ments be capable of generating strengths 1 log unit above 
and be attenuable through 6 log units below the SF. Regard 
whether attenuation is achieved by filters or electronic me: 
strongly recommend that commercial units incorporate. a m 
of inserting additional colored and neutral density filters t 
a variety of individual (and unforeseen) needs. We also £ 
that background luminance be adjustable to perform 
oculography with the same equipment. Commercial uni: 
also allow the insertion of colored and neutral filters 
background illumination system to meet a variety of nee 
5. Direct-current amplification can produce identica 
but is extremely difficult to use because of drift in base 
offset potentials; we strongly advise AC recording e 
laboratories with special requirements and expertise. 
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€ Ten adult patients developed sixth- 
nerve palsy after trauma or a cerebral 
tumor. No clinical evidence of recovery of 
function was noted by at least 8 months 
.. after onset. All patients underwent total 
. transposition of the superior and inferior 
rectus muscle insertions to the area of the 
eral rectus insertion, accompanied by 
linum toxin (Oculinum) injection of 
ipsilateral medial rectus. These pa- 
leveloped a mean diplopia-free 
f 51°, with a diplopia-free field in the 
d field of 20°. This procedure 
ed surgery on only two rectus mus- 
“but the results compared favorably 
-with surgical strategies involving three 
rectus muscles. Thus, the risk of develop- 
ing anterior segment ischemia was great- 
ly reduced. 
(Arch Ophthalmol. 1989;107:820-823) 








; Following the work of Hummel- 
.. ^ sheim in 1908, a variety of proce- 
dures have been described to increase 
muscle tone or force in the field of 
action of the lateral rectus muscle 
after the occurrence of a sixth-nerve 
palsy? The most popular techniques 
now performed in the United States 
.. are (1) rectus muscle union combined 
with medial rectus recession, com- 
. monly called the Jensen procedure, 
. and (2) total vertical rectus muscle 
~ -transposition combined with medial 
rectus recession. ^ The Jensen proce- 
dure was originally described as a 
technique to increase abduction tone 
that would avoid the complication of 
anterior segment ischemia, since the 
vertical rectus muscles were not disin- 
serted. However, this complication 
has recently been reported? 

Recently, Cline and Scott! reported 
a functional area of single binocular 
vision, averaging 41° horizontally, in 
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: (Oeulinum) to Medial Rectus for Abducens Palsy 


^ Arthur L. Rosenbaum, MD; Burton J. Kushner, MD; David Kirschen, PhD 


patients undergoing a Jensen proce- 
dure. All patients demonstrated 
improved saccadic velocities, but one 
case of anterior segment ischemia 
oceurred. Rosenbaum et al’ reported a 
series of cases in which complete 
superior and inferior rectus transpo- 
sition was combined with medial rec- 
tus recession with an adjustable 
suture used as a second procedure. 
This study reported a total horizontal 
binocular field of 44°, with 17° of 
binocular field in abduction when 
tested with binocular diplopia-free 
quantitative visual fields.’ 

To maximize abduction ability and 
avoid the possible complication of 
anterior segment ischemia, we studied 
the effectiveness of transposition of 
the entire superior and inferior rectus 
muscle to the lateral rectus muscle 
insertion, combined with botulinum 
toxin (Oculinum) injection of the 
medial rectus muscle at the time of, or 
shortly after, the transposition proce- 
dure. 

To assess accurately the efficacy of 
a surgical procedure for sixth-nerve 
palsy, modern strabismie diagnostic 
tests must be used. These include 
observation of saccadic velocity, 
instrument-recorded saccadic velocity 
measurement, forced duction testing 
to assess medial rectus restriction, 
foree generation testing to confirm 
lateral rectus palsy, and binocular 
visual field testing to document surgi- 
cal effectiveness. 

Except for the studies by Scott et 
al, Cline and Scott? and Rosenbaum 
et al,’ there is a lack of data concern- 
ing the patient's binocular functional 
state after any surgical procedure for 
sixth-nerve palsy. Surgeons have 
reported the results of transposition 
techniques by either estimating or 
measuring the degree of rotation in 
the field of action of the paralyzed 
muscle.’ This type of assessment tends 
to exaggerate greatly the functional 
benefit to the patient, since it stresses 
monocular duction rotation with the 
paralyzed eye fixing. In this situation, 
photographs may demonstrate excel- 
lent monocular abducting ability due 


. Vertical Rectus Muscle Transposition and Botulinum Toxin 


to excessive monocular innervation, 
which is not present in the binocular 
state. This results in overoptimistic 
reporting and has little to do with the 
patient’s binocular functional status. 

The purpose of this report was to 
provide quantitative information con- 
cerning the evaluation and treatment 
of sixth-nerve palsy, with the use of 
complete vertical rectus muscle trans- 
position combined with botulinum 
toxin injection. 

PATIENTS AND METHODS 


During a 7-year period from January 
1981 through March 1988, ten adult 
patients with lateral rectus palsy under- 
went total superior and inferior rectus 
muscle transposition to the area of the 
lateral rectus muscle insertion, combined 
with botulinum toxin injection (Table 1). 
The patients were diagnosed and treated in _ 
both Los Angeles, Calif, and Madison, Wis, < 
and their charts were reviewed retrospec- 
tively. One patient was diagnosed and 
treated by Robert Letson, MD, at the Uni- 
versity of Minnesota Medical Center, Min- 
neapolis, following the protocol designed in 
this study. The treatment protocol was the 
first therapeutic intervention for all 
patients except patient 10. This patient 
had undergone a recession/resection pro- 
cedure of the horizontal muscles in the 
involved eye 10 years before this treatment 
and had a residual esotropia of 40 prism 
diopters. All patients were operated on a 
minimum of 8 months after the oceurrence 
of the lateral rectus palsy, after demon- 
strating stable deviations. 

Preoperative assessment of lateral rec- { 
tus function was documented by saccadic 
velocity measurements with the use of 
electro-oculogram measurement tech- 
niques described by Metz et al. Twenty- 
degree horizontal saccades were generated 
from 30° adduction to 10° adduction, well 
out of the field of gaze limitation. The 
fellow eye was patched during testing, and 
several readings were averaged to deter- 
mine mean velocity. A 40% or greater 
reduction in agonist/antagonist saccadic 
velocity was considered indicative of 
severely compromised lateral rectus func- 
tion. In five cases, the saccade was too slow 
to measure, and a floating saccadic move- 
ment was observed clinically and thought 
to indicate complete lack of lateral rectus 
effectivity. x 

Binocular Goldmann visual field perime- 
tery was used to assess each patient's 
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preoperative and postoperative fusion di- 
plopia-free field. The patients were posi- 
tioned in the Goldmann perimeter and 
tested as described by Feibel and Roper- 
Hall." The patient's head was positioned in 
the Goldmann perimeter in line with the 


» fixation target, and the head strap was 


used to prevent any head rotation. The 
field was conducted with a III-4-e target, 
and responses were recorded to reflect the 
area of single binocular vision and its 
location with respect to midline. The cen- 
tral horizontal 100? was accepted as a 
normal field of singular binocular vision. 
All patients were evaluated preopera- 
tively by prism cover test measurements in 
the diagnostic positions of gaze, ductions, 
versions, and forced duction testing. All 
patients were troubled by constant diplo- 
pia or an unacceptable abnormal head 
position with the exception of patients 4 
and 5, whose visual acuities were too poor 
to document diplopia-free fields. However, 
each patient had a residual face turn. 
Surgery consisted of transposition of the 
entire superior and inferior rectus muscle 
insertions to the area of the lateral rectus 
insertion. The transposed inferior rectus 
insertion was sutured so that its edge was 
placed parallel to the lower border of the 
lateral rectus and 1 mm inferior to it. The 
nasal end of the inferior rectus was placed 
just inferior to the lateral rectus insertion. 
The temporal end of the inferior rectus 
was placed 7 mm posterior to the nasal 
end. The superior rectus was transposed as 
a mirror image of the inferior rectus 
except that it was sutured 2 to 3 mm above 
the superior border of the lateral rectus to 
prevent restriction to downward rotation. 
Botulinum toxin was injected into the 
ipsilateral medial rectus muscle in a vol- 
ume of 0.1 mL and a dose ranging from 5 to 
10 units (Table 1). Legal requirements gov- 
erning consent for administration of botu- 
linum toxin were fulfilled. In six patients, 
the injection was performed at the time of 
the transposition surgery and injected 
under direct visualization into the muscle 
belly. In four patients, the injection was 










Bicycle accident 


10 Unknown 


performed between 5 and 15 days postoper- 
atively, by means of an electromyographic 
localization technique. 

Patient 8 developed hypertropia of the 
involved eye within the first 2 postopera- 
tive weeks and required an additional sur- 
gical procedure to reposition the trans- 
posed superior rectus and relieve the 
hypertropia. Patient 7 required reinjection 
of the right medial rectus muscle 13 
months after the initial procedure, when 
the esotropia recurred. 

Patient 6 elected to undergo subsequent 
medial rectus recession when the esotropia 
recurred after botulinum toxin injection. 

Postoperatively, all patients were again 
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Fig 1.— Top, Patient 9 with right sixth-nerve palsy before treatment. Attempted right gaze with the 


assessed by prism cover test measure- 
ments in the diagnostic positions of gaze, 
ductions, versions, and clinical estimation 
of residual head posture. Binocular diplo- 
pia-free fields were again measured 
between 3 and 4 months after surgery. All 
patients were followed up for a minimum 
of 4 months, with the longest period of 
follow-up being 51 months. 


RESULTS 


All patients presented with a large 
esotropic deviation in the forced pri- 
mary position (Table 2). Deviations 
ranged from 30 to 90 PD. Preopera- 
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left eye fixing (left) and right esotropia in the primary position (right). Bottom, One week after full 
right superior rectus and right inferior rectus transposition. Attempted right gaze with the left eye 
fixing (right); note marked improvement in abduction of the right eye. There is a small residual 


right esotropia in primary position (left). 


Table 1.— Characteristics of Patients With Sixth-Nerve Palsy* 








Time From Botulinum Time From 
Patient Cause Trauma to Surgery Toxin Dose, U Surgery to Injection, d Remarks 
1 MVA 9 mo 7.5 0 
2 MVA 11 mo 5.0 O 
3 MVA 12 mo 7.5 0 AEM 
4 Struck on head 10 mo 10.0 0 VA, 5/200 OS; choroidal rupture 
5 Acoustic neuroma 36 mo 7.5 0 Tarsorrhaphy OS, exposure problems; 
surgery residual ET, 30 PD with face turn; 





3 MVA 8 mo 5.0 10 Tm 
5 0 


10 y (approx) [3 









wears prism 
Recurrent ET, 16 PD; subsequent 
recession of RMR, 6 mm on adjustable 
suture 
















Reinjection of RMR, 5 U, 13 mo later as 
ET recurred 

Developed hypertropia of involved eye; 

required repositioning of transposed 

superior rectus 










10 y earlier had recess /resect procedure 
of involved eye 





* MVA indicates motor vehicle accident; ET, esotropia; RMR, right medial rectus; VA, visual acuity; and PD, prism diopters. 


Arch Ophthalmol— Vol 107, June 1989 


Botulinum Toxin for Abducens Palsy—Rosenbaum et al 821 





Fig 2.— Top, Patient 9 one week after botulinum toxin (Oculinum) injection, 5 units, into the right medial rectus. 
Note full abduction of right eye, large right exotropia (center), and palsy of medial rectus muscle due to botuli- 
num toxin injection (right). Bottom, Patient 9 two months later. In primary position she is orthotropic. Excel- 
lent abduction and adduction of the right globe are demonstrated. She has 50° of binocular diplopia-free field. 
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*LR indicates lateral rectus; MR, medial rectus; PD, prism diopters; E (T), intermittent esotropia; ET, esotropia; and LH (T), intermittent left hypertropia. 


tVisual acuity was too poor to allow measurement. 


Will need medial rectus recession. 


tively, most patients had no area of 
diplopia-free vision and wore a patch 
constantly to avoid diplopia. Two 
patients had a small area of diplopia- 
free field, measuring 10° and 15°. This 
small island was located in the far 
peripheral field, away from the para- 
lyzed lateral rectus muscle, and 
required a large face turn to be used. 
Saccadic velocity measurements were 
obtained in five patients preopera- 
tively. All were less than 40% of nor- 
mal. In five patients, the movement 
was so slow that a floating saccadic 
movement could be observed easily 
(Figs 1 and 2). 

Within 1 week after botulinum tox- 
in injection, all patients developed an 
exotropia that measured between 15 
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and 45 PD. All patients developed a 
medial rectus palsy, as evidenced by a 
complete lack of adduction ability, 
which persisted for 4 to 8 weeks. The 
palsy gradually resolved and the devi- 
ation became stable 8 to 12 weeks 
after injection. 

Postoperatively, seven patients had 
no horizontal strabismic deviation in 
the primary position and no residual 
face turn. One patient had 4 PD of 
intermittent esotropia, which was 
asymptomatic, and had no face turn. 
Two patients were undercorrected. 
Patient 6 had a 16-PD esotropia and 
eventually required a recession of the 
right medial rectus muscle to achieve 
satisfactory alignment in the primary 
position with no face turn. Patient 5 

















^. 


had 30 PD of residual esotropia and L 


will probably need surgery in the 
future. The patient wears prisms and 
requires a tarsorrhaphy for exposure 
problems. Thus, eight of the ten 
patients had excellent alignment in 
the primary position, with no residual 
esotropia and no face turn. 

Eight of the ten patients underwent 
postoperative diplopia-free field mea- 
surement. The visual acuity was too 
poor in two patients to permit this 
testing. In the patients tested, the 
amount of diplopia-free field ranged 
from 25? to 85? (mean, 51?). These 
caleulations include patient 6, who 
had only a 25? diplopia-free field, 
which was entirely in the area field 
opposite to the paralyzed muscle and 
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| required additonal surgery. 
^. . In addition to the total binocular 
-= diplopia-free field, we analyzed the 
degree of diplopia-free field on the 
bducted side of the midline of the 
volved eye. This measurement 
ould demonstrate the amount of dip- 
lopia-free field into the field of a 
" alsied muscle. This information was 
available for eight patients. The 
<.. amount of abducted diplopia-free field 
ranged from 0° to 30°, with a mean of 
20". 

Clinical assessment of head position 
showed that, preoperatively, there 
was no head posture that the patient 
eould adopt to relieve the diplopia 
except in patients 2 and 7, who showed 
a very small diplopia-free field with 
^an extreme head turn. Postoperative- 
ly, only patient 5 had a significant 
head posture, indicating undercorrec- 

tion from this procedure. This patient 
will eventually require medial rectus 
recession. Patient 6 had a very small- 
angle head posture and elected to 
undergo medial rectus recession, with 
marked improvement. There were no 
reported complications of anterior 
segment ischemia. Eight patients had 
stereopsis postoperatively. In two 
patients, the visual acuity was too 
poor to allow measurement of sensory 
. function. 











COMMENT 


The Jensen procedure has been the 

^. Standard against which transposition 
^. procedures have been compared since 
it was originally described in 1964. 
. . This muscle union was designed to 
^, provide good abduction function with- 
=- out risking the complication of anteri- 
or segment ischemia. However, this 
complication has been reported. In 
a survey of the experience of strabis- 
mus surgeons, France and Simon? 
ound that vertical full-tendon trans- 
osition accounted for seven cases of 
nterior segment ischemia. The total 
umber of procedures performed in 
his series is not available. 
-Saccadie velocity and force genera- 
on testing are necessary to distin- 
uish whether clinieally significant 
esidual lateral rectus function is 
resent or not. If clinical and labora- 
tory testing indicate residual lateral 
‘rectus function, the best surgical 
strategy is to recess the contracted 
-~ medial rectus on an adjustable suture, 
-accompanied by a resection of the 
. paretic lateral rectus. If no residual 
eral rectus function is detected, it is 
consider some type of muscle 
jn procedure instead of a 
'ectus resection. 






















— Vol 107, June 1989 


all patients 1 in n this study had t uni- 
"lateral sixth-nerve palsy, with a 40% 
or greater difference between agonist 
and antagonist muscle as measured by 
saccadic velocity analysis, or had a 
“floating” clinical saccadic movement. 
The patients in this series seem com- 
parable with those described by Cline 
and Seott.5 Their series contained 17 
cases of unilateral sixth-nerve palsy, 
with comparative preoperative devia- 
tions and saccadic velocity measure- 
ments. Their series reported the 
results of a Jensen procedure com- 
bined with a medial rectus recession 
on an adjustable suture. Six of 17 
patients in their series had a residual 
esotropic angle in the primary posi- 
tion. In our series, two of eight 
patients had a residual esotropia in 
the primary position. Eight of 17 
patients in their series showed a 
residual face turn of at least 5°. Four 
of 17 had face turns of 10°, and two 
had a residual face turn of 20°. In our 
series, 2 of 10 patients had a residual 
face turn. These were the same 2 
patients who showed an undercorrec- 
tion, as measured by cover test in the 
primary position. 

Overall, the Jensen procedure com- 
bined with medial rectus recession 
was able to achieve a mean diplopia- 
free field of 41°. Rosenbaum et al’ 
reported a mean diplopia-free field of 
44° from a complete vertical rectus 
transposition, combined with a medial 
rectus recession on adjustable suture 
at a later date. In the current series, 
we were able to achieve a mean diplo- 
pia-free field of 51°, with a diplopia- 
free field in the abducted field of 20°. 
The average postoperative diplopia- 
free abduction field was 17° in the 
series of complete rectus transposi- 
tion combined with medial rectus 
recession. The abducted diplopia-free 
field was not reported in the series 
concerning the Jensen procedure. 

At the present time, total vertical 
rectus muscle transposition combined 
with botulinum toxin injection of the 
ipsilateral medial rectus muscle 
seems to be the best surgical alterna- 
tive for chronic sixth-nerve palsy. In 
comparison with previous studies, 
this procedure produces a larger dip- 
lopia-free field. It has the advantage 
of requiring surgery on only two rec- 
tus muscles, which theoretically 
should eliminate or greatly reduce the 
chance of anterior segment ischemia. 
If undercorrection occurs after this 
procedure, as it did in two of our ten 
cases, either reinjection of the medial 
rectus muscle with botulinum toxin or 
recession of the ipsilateral medial rec- 
tus muscle can be accomplished. 

Botulinum toxin injection seemed 


to. be equally effective in 























































medial rectus palsy, whether inje 
at the time of surgery or during thi 
first postoperative week. We wer 
unable to distinguish any differen 
in induced ptosis or vertical strabis 
mus deviations by using either i injec 
tion approach. ; 

If the surgeon is experienced in. th 
technique of botulinum toxin injec 
tion with the use of electromyograph 
ic localization on awake patients, wi 
now prefer to inject postoperatively 
This permits observation of any verti 
cal deviation that could have beet: 
caused by the transposition surge 
before botulinum toxin injection. 
vertical deviation is present, we do 10 
inject. 

If the surgeon is not skilled: at th 
electromyographie technique, i inj 
tion at the time of surgery may. b 
performed. Botulinum toxin injec 
during strabismus surgery has be 
described by Owen et al.^ | 


This study was supported in part by à gran 
from the Bialis Family Foundation. 

We have no commercial or proprietary. interes 
in botulinum toxin (Oculinum). ae 
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n clinically important, but 
icult, to make a definitive 
logic diagnosis of optic nerve 
lasia in a young child. If, however, 
ne can obtain a photograph of the fun- 
dus, including the optic disc, one can 
make a simple measurement of the hori- 
-zontal diameter of the optic disc and 
- make this diagnosis. To determine if the 
- horizontal diameter of the optic disc on a 
35-mm photographic transparency could 
be used to separate patients with optic 
> nerve hypoplasia from normal individuals, 
i measured directly on the transparency 
the horizontal diameter of the optic disc 
image taken by a standard 30° field fun- 
dus camera with X2.5 magnification in a 
series of 55 normal eyes, and in 16 eyes 
with Clinically confirmed optic nerve 
hypoplasia. For the normal series of eyes, 
the. mean optic disc horizontal image 
diameter was 3.88 mm, with a range of 
3.44 to 4.70 mm. For the series of eyes 
with optic nerve hypoplasia, the mean 
< horizontal diameter was 2.64 mm, with a 
-range of 1.80 to 3.27 mm. There was no 
overlap between the normal control 
"series and the pathologic series. In sub- 
< jects with no major ametropia («2.5 diop- 
ters of spherical or cylindrical refractive 
. error), a 3.4-mm horizontal diameter optic 
uU disc image on a 35-mm transparency can 
be used as a clinical guide or dividing line 
for the diagnosis of optic nerve hypopla- 
sia. , larger nerves being considered nor- 
mal and smaller nerves being considered 
hypoplastic. 

Te uen Ophthaimol 1989;107:824-826) 
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Simple Photogrammetric Diagnosis of 


Optie Nerve Hypoplasia 


(rte nerve hypoplasia, like optie 

atrophy, is not a disease, but a 
morphological diagnosis, ie, descrip- 
tive of an observed deviation from 
normal, without specification of 
cause. The diagnosis describes an 
optic disc that is smaller than normal 
and contains fewer nerve axons. In its 
most classic form there is a eireum- 
ferential peripapillary halo with pig- 
ment inside and outside, which is 
called a “double ring sign’ (Fig 1). 
The outer ring represents what would 
have been full development. 

Clinieal eye findings vary greatly 
depending on severity of the condi- 
tion, and whether the condition is 
bilateral or unilateral, and include 
decreased visual acuity, visual field 
defects, defective color vision, and 
ocular nystagmus in bilateral cases. 

Specific toxic agents that have been 
reported to be responsible for optic 
nerve hypoplasia when ingested by 
the mother during gestation include 
ethanol? LSD, quinine,’ and anticon- 
vulsant drugs.? Similarly ingested sus- 
pected toxic agents® include systemi- 
cally administered steroids, diuretics, 
cold medications, meperidine hydro- 
chloride (Demerol), and protamine 
zinc insulin’ (optic nerve hypoplasia 
occurs frequently in children of dia- 
betic mothers). Intrauterine infec- 
tious agents believed to be responsible 
for optic nerve hypoplasia include 
cytomegalovirus.’ Optic nerve hypo- 
plasia has also been found in associa- 
tion with hydramnios and toxemia of 
pregnancy, as well as a wide variety of 
congenital anomalies of unknown ori- 
gin. These range from simple ocular 
malformations to serious systemic 
problems, such as de Morsier’s syn- 
drome, with hypopituitarism and 
growth retardation. 

It is always important clinically to 
make a diagnosis of optic nerve hypo- 
plasia. It provides an organie explana- 
tion for poor vision and denotes a 
stable and nonprogressive disorder. 
This last fact alone is a major help to 





the physician and parents, even if the 
condition per se is not remediable. Of 
even greater import, it alerts the phy- 
sician to look further for evidence of 
intraeranial abnormalities, such as 
septo-optic dysplasia (de Morsier’s 
syndrome) and a vast range of fre- 
quently related endocrine abnormali- 
ties, including hypopituitarism, hy- 
perprolactinemia, and other neurolog- 
ic abnormalities.’ 

In children, the diagnosis is both 
important and difficult to make. Optie 
foramina and optic canal roentgeno- 
grams" ean confirm the diagnosis by 
demonstrating a reduced or asymmet- 
ric size of the optic foramina and/or 
optic canals. But they are often not 
definitive. (There is no roentgeno- 
graphie standard for minimum optic 
canal diameter, for example, and optic 
nerve foramen measurements are 
variable and have been rejected by 
most  neuroradiologists.) Acers”? 
showed that computed tomography of 
the orbits and optic nerves and A-scan 
ultrasonic echography of the retrobul- 
bar optic nerve do seem to be useful in. 
making this diagnosis. But all such | 
techniques usually require heavy ^ 
sedation, narcotization, or general .. 
anesthesia in children. Most also = 
require radiation exposure, are expen- 
sive, and are labor intensive. MM 

To make this diagnosis more conve- 
niently, and at less cost with regard to 
time, money, and hazard to theo- 
patient, I have developed over a period ~~ 
of years a photogrammetric method of ~ 
diagnosis." From these earlier efforts 
has evolved a useful and simple meth- 
od: The horizontal diameter of the 
disc is measured directly on the color. 
transparency produced by a stand 
30° field with Xx2.5 magnification 
images on 35-mm film. | Y p 

The purpose of this article. is to — 
report my findings using this photo- ay 
grammetric method in a. group of nor- 
mal (control) subjects and in a group œ 
of patients with optie nerve hypopla- 
sia. 
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Fig 1.—Example of optic nerve hypoplasia. Optic disc is grossly small 
and surrounded by halo (arrowhead) and pigment rings ("double ring 
sign"). Outer limits of halo are thought to represent normal scleral 


canal or width of normal disc. 


SUBJECTS AND METHODS 


All transparencies were taken on trans- 
parency film (Kodak Kodachrome or 
Ektachrome, Eastman Kodak Co, Roches- 
ter, NY) utilizing a fundus camera (Zeiss 
FF3, Carl Zeiss, AG, Oberkochen, Federal 
Republic of Germany; Topcon TCF-3, 
Tokyo Optical Co, Tokyo; or hand-held 
Kowa RC-2, Kowa Co, Ltd, Nagoya, Japan). 
Each of these cameras has a standard 30° 
field with X2.5 magnification of images on 
35-mm film. 

The measurement of the optic disc image 
(horizontal diameter) on the transparency 
was made with a X10 optical comparator 
(Edmund Scientific Co, Barrington, NJ) 
with a 0.1-mm reticle, which permitted 
measurements to the nearest 0.05 mm (sug- 
gested by Burton J. Kushner, MD, written 


communication, February 1982). Care was 


taken to measure the neuroretinal rim and 
not the scleral crescent. Multiple measure- 
ments were made of each transparency and 
were averaged. (Measurement was simu- 
lated with conventional ruler in Fig 2.) 

The fundus photographs actually consid- 
ered in this report were accumulated in a 
serial manner and included those of 55 
normal control eyes and 16 eyes of patients 
with confirmed clinical optic nerve hypo- 
plasia over a period of several years. All 
subjects were under 18 years of age 
because my practice was limited to chil- 
dren. Many of the control subjects had 
strabismus, but all subjects in the control 
series had normal vision and no fundus or 
optic nerve disease. None had refractive 
errors greater than 2.5 diopters spherical 
equivalent of myopia, hyperopia, or 2.0 D 
of astigmatism. 
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Fig 2.— Method of simple photogrammetric confirmation of optic nerve 
hypoplasia by measurement of optic disc horizontal diameter on 35-mm 
fundus transparency. Photograph of Fig 1 using slide-duplicating 


machine with inexpensive and readily available transparent ruler simply 
laid on transparency. Optic disc horizontal diameter is 3.0 mm. Subject 
had clinical diagnosis of optic nerve hypoplasia. 


Optic Nerve Hypoplasia 


No. of Eyes 





Optic Disc Horizontal Diameter, mm 


Fig 3.—Frequency histogram of horizontal diameter optic disc image on 35-mm transparencies, 
taken by standard 30? field fundus camera with X2.5 magnification, for 55 eyes with normal optic 


nerves and 16 eyes with optic nerve hypoplasia. 


RESULTS 


The results of the study are set out 
graphically in the histogram shown in 
Fig 3, where each subject is repre- 
sented, and in summary in the 
Table. 

Using the photogrammetric meth- 
od, the mean horizontal diameter of 


the optic disc image on 35-mm trans- 
parencies for 55 control eyes was 3.88 
mm, with an SD of 0.26 mm (range, 
3.44 to 4.70 mm). 

The mean horizontal diameter of 
the optic disc image in 16 eyes with 
optic nerve hypoplasia was 2.64 mm 
with an SD of 0.49 mm (range, 1.80 
mm to 3.27 mm). 
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Optic Nerve Hypopiasia 






_ Statistic Control Eyes 


| No. of eyes | 
























camera with X2.5 magnification. 


.. 3.4 mm, then the eye has optic nerve hypoplasia. 


The SDs overlapped at +2 SDs, but 
was of no significance because 
ther group of subjects had a stan- 
dard gaussian distribution: As can be 
seen from Fig 3, for the 16 eyes with 
optic nerve hypoplasia the distribu- 
ction was almost flat below 3.4 mm. In 
contrast, the distribution for the con- 
trol eyes is sharply skewed toward the 
` low side, demonstrating what almost 
A appeared to be a cut-off point. 
^ Å closer examination of those sub- 
-jects in and around this dividing line 

between control and abnormal eyes 

showed that there was a small gap, or 

“no-man’s-land,” between them, with 

the largest disc image horizontal 

diameter registered for an eye with 

optic nerve hypoplasia being 3.27 mm, 
while the smallest optic disc image for 
a control eye was 3.44 mm. 


COMMENT 


= An optic dise image horizontal 
diameter on a standard X2.5 magnifi- 
eation 30? field transparency of less 
-than 3.4 mm is not proposed as an 
absolute criterion for making a diag- 
nosis of optic nerve hypoplasia. Natu- 
ral distribution considerations predict 
that if enough data are gathered, 
there may well be a few normal eyes 
whose optie dises are smaller than 
this. However, in this series no nor- 
mal eye had an optic dise smaller than 
3.4 mm. In patients with clinically 
‘confirmed optic nerve hypoplasia, all 
dises were less than 3.4 mm in hori- 
‘zontal diameter on the transparency. 
"There was, as noted in my series, a 
-gap between control and pathologic 
diameters, from 3.27 to 3.44 mm. 

-. This gap and cut-off point may be 
further defined by additional data, 
which. I continue to collect. 


Magnification Factors 


Alb the subjects included in the 
study had negligible ametropic refrac- 
tive errors. This allowed me to avoid 
ü possible problems with magnification. 
-. Clinically, there will be some patients 
who will have substantial refractive 


.. Mean diameter, mm 3.88 2.64 
|] SD, mm 0.26 0.49 
| Mean —2 SDs, mm 3.352 Le 
| . Mean +2 SDs, mm ie . 3.616 
| i Range observed, mmt 3.44-4.70 3.27-1.80 


“Horizontal diameter of optic disc image measured on 35-mm transparency taken with a 30° field fundus 
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. fApplication: if optic disc diameter is greater than 3.4 mm, then the eye is normal; if the diameter is less than 


errors and for whom some modifica- 
tion of these standards may have to be 
made. Such factors are the subject of 
another currently ongoing study. 


Clinical Application 


For clinical application, an optical 
comparator is not essential to mea- 
sure the disc image on a transparency. 
A 25-cent clear plastic ruler, as used 
in Fig 2, and a magnifying slide view- 
er or a 20-D indirect ophthalmoscopy 
lens will provide sufficient precision 
to make a diagnosis of optic nerve 
hypoplasia in most cases. This is how I 
use the method on a daily basis in the 
clinic. 


Similar Techniques 


Since I first reported this technique 
in 1981, Beuchat and Safran" have 
reported a clinical method of direct 
visual measurement of the optic disc 
diameter using a calibrated-width 
slit-lamp beam and a Goldmann pos- 
terior fundus contact lens. Their tech- 
nique seems to be an effective method 
of making a diagnosis in adults, but it 
is hardly applicable to infants and 
children. The 17 patients described in 
their article ranged in age from 26 to 
75 years, except for one 9-year-old 
patient. A related technique was pre- 
viously reported by Franceschetti and 
Bock.^ Because their method is a 
direct measurement of the disc while 
my method is a measurement of the 
image of the disc on a transparency, 
the two methods are not directly com- 
parable. 


Segmental Optic Nerve Hypoplasia 


None of the patients with optic 
nerve hypoplasia had segmental hypo- 
plasia like that described by Buchan- 
an and Hoyt. This photogrammetric 
technique would be effective in diag- 
nosing some cases of segmental hypo- 
plasia, such as case 2 in their report, 
but would not be effective in instances 
where the overall configuration of the 
disc is relatively normal and the 
pathologic problem is limited to pallor 







Alternate Fundus Cameras 

This investigation was carried out 
using standard 30° (nominal x2.5 
magnification) fundus cameras, the ^ 
Zeiss FF3 and the (hand-held) Kowa 
RC-2. Not all standard or 30° field 
fundus cameras provide images with 
this magnification. The user should 
cheek the owner's manual and adjust 
the cut-off point for diagnosis accord- 
ingly. (For example, the Canon CF- 
60U [Canon USA Ine, Lake Success, 
NY] has a 30? field with X3.4 magnifi- 
cation rather than the standard X2.5 
magnification. The dividing line for 
optic disc images on transparencies 
taken with this camera would not be 
3.4 mm, but would be [3.4/2.5] X 3.4 
mm = 4.6 mm.) 


This research was supported in part by an 
unrestricted departmental grant from Research 
to Prevent Blindness Inc, New York. 
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Cerebrospinal Fluid Leakage 


Complicating Orbital Exenteration 


Allan E. Wule, MD; James L. Adams, MD; Robert M. Dryden, MD 


e In three cases of cerebrospinal fluid 
leakage complicating orbital exentera- 
tion, leakage occurred intraoperatively 
following relatively low-power (0 to 25 W), 
high-frequency monopolar cautery to the 
orbital roof. Six cadaver orbits and 25 
dried skulls were examined to investigate 
possible causes of intraoperative cere- 
brospinal fluid leakage. In this experimen- 
tal model, monopolar cautery to the orbit- 
al roof did not cause cerebrospinal fluid 
leakage; however, cautery to preexistent 
foramina or experimentally created 
defects in the orbital bones did. In exen- 
teration, monopolar cautery may transmit 
thermal energy through extant body 
defects in the orbital roof directly to the 
dura, resulting in its disruption. These 
defects may be congenital, tumor related, 
or iatrogenic. Alternative methods of 
hemostasis should probably be employed 
to control bleeding that occurs along the 
orbital roof during exenteration. 

(Arch Ophthalmol. 1989; 107:827-830) 


()riginally described by George Bar- 
tisch, orbital exenteration is one 
of the oldest surgical procedures for 
the management of malignant or 
inexorable orbital processes.’ Current 
techniques of orbital exenteration are 
detailed in several excellent and 
recent reviews.^" 
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Operative complications of exenter- 
ation include bleeding from the oph- 
thalmic artery or from the anterior or 
posterior ethmoidal vessels, inadver- 
tent entry into the paranasal sinuses, 
and cerebrospinal fluid (CSF) leakage. 
Early postoperative complications 
may include bleeding, infection, com- 
plications related to the graft or flap 
used to cover the surgical defect, sino- 
orbital fistula, and meningitis from 
undetected CSF leakage. Cerebrospi- 
nal fluid leakage complicating exen- 
teration has been encountered with 
sufficient rarity to have been dis- 
eussed from a management stand- 
point in only two recent articles that 
have appeared in the ophthalmic lit- 
erature."* 

Exenterations complicated by CSF 
leakage have occurred in 3 of 18 cases 
in the authors' practices during an 
8-year period. These results are simi- 
lar to the frequency found in other 
exenteration series.? In all our cases, 
CSF leakage occurred following cau- 
tery in the vicinity of the orbital roof. 
The relatively high complication rate 
led us to investigate possible causes of 
CSF leakage during exenteration. An 
experimental model to simulate CSF 
leakage during exenteration was 
designed. Our findings, and their 
implications, are discussed. 


REPORT OF CASES 


CASE 1.—A 67-year-old man with a histo- 
ry of multiple head and neck cutaneous 
malignant neoplasms presented with basal 
cell carcinoma of the left upper and lower 
eyelids. At surgery, frozen sections re- 
vealed invasion of the medial orbital fat, 
requiring exenteration. 

With the patient under general anesthe- 
sia, the skin of the eyelids was incised 


outside the affected area, and a skin mus- 
cle flap was undermined to the orbital rim. 
The periorbit was elevated, and the orbital 
contents were mobilized and amputated at 
the apex. Bleeding was controlled initially 
with pressure, followed by monopolar cau- 
tery. A small bleeding point on the orbital 
roof, 1.5 em anterior to the apex, was 
cauterized with the use of monopolar cau- 
tery. Cerebrospinal fluid leakage occurred 
immediately and rapidly filled the orbit. 

Following neurosurgical consultation, 
CSF leakage was controlled by enlarging 
the bone defect to approximately 10 mm 
with an up-biting (Kerrison) rongeur. The 
dural hole was identified and closed with 
two running 5-0 silk sutures that sealed 
the leak. The posterior aspect of the orbit 
was packed with absorbable gelatin sponge 
(Gelfoam) that was soaked in thrombin. A 
split-thickness skin graft was obtained and 
placed on the bony orbit. The area of CSF 
leakage was left uncovered. The orbit was 
packed with 1.25-cm gauze that was soaked 
in bacitracin ointment (500 U/g). The pa- 
tient was kept supine, with the head ele- 
vated for 24 hours. Systemic ampicillin 
sodium was administered postoperatively 
for 8 days. On the eighth hospital day, the 
patient was discharged. No tumor recur- 
rence or recurrent CSF leakage has been 
observed with follow-up of 5 years. 

CasE 2.—A 63-year-old man presented 
with proptosis of the right orbit of short 
duration. A biopsy specimen revealed ade- 
noid cystic carcinoma of presumed accesso- 
ry lacrimal gland origin. An exenteration 
was performed with a technique similar to 
that described in case 1. When the apical 
tissues were amputated, profuse bleeding 
occurred. Monopolar cautery to the orbital 
roof, temporal to the orbital apex, was 
applied, and CFS leakage was noted. 

Following a neurosurgical consultation, 
a rongeur was used to enlarge the bone 
defect on the orbital roof in the area of 
leakage. Two defects in the dura were 
apparent. The larger defect, measuring 
approximately 3 mm, was closed with a 6-0 
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silk suture, and the smaller defect was 
covered with absorbable gelatin sponge 
and left unsutured. The orbit was lined 
with a split-thickness skin graft. The orbit 
was then packed as in case 1, and a pres- 
sure dressing was applied. Intravenous 
cephalothin was administered, and antibi- 
oties were continued for 4 days postopera- 
tively. The patient was kept supine, with 
the head of the bed elevated. Cerebrospinal 
fluid leakage from the orbit persisted for 2 
days. Oral acetazolamide, 250 mg, was 
administered every 6 hours on the second 
postoperative day. Within 24 hours, CSF 
leakage ceased. Acetazolamide was contin- 
ued 2 more days. Activity was slowly 
increased, and the patient was discharged 
without further symptoms on the sixth 
postoperative day. This patient has been 
followed up for 9 years without evidence of 
CSF leakage or recurrence. 

CASE 3.— A 67-year-old man with a histo- 
ry of multiple basal cell carcinomas of the 
left eyelids presented with recurrent 
tumor in the lower eyelid and medial can- 
thus. A computed tomographic scan 
showed orbital extension. At surgery, the 
tumor infiltrated the medial orbital fat; 
exenteration was therefore performed. The 
tumor extended along the periorbit of the 
medial orbit, necessitating the removal of 
adjacent bone. Bleeding occurred at that 
site. Monopolar cautery was applied, and 
CSF quickly filled the orbit (Fig 1). 

Following neurosurgical consultation, an 
up-biting rongeur was used to remove 
additional bone in the area of leakage. A 
dural rent was noted, exposed, and closed 
with three 6-0 silk sutures. Cerebrospinal 
fluid leakage lessened but was still present 
through the suture tracts. Cyanoacrylate 
glue was applied to the dura at this site, 
followed immediately by an epicranial 
graft, obtained from above the left side of 
the brow, that sealed the defect. 

A split-thickness skin graft was 
obtained from the left thigh and sutured 
into place. The orbit was packed with gauze 
that was soaked in bacitracin ointment, 
followed by a light pressure dressing. A 
lumbar drain was placed, and a 10-day 
course of intravenous cephalothin was 
started. 

Six hours after surgery, CSF leakage 
resumed. The lumbar drain was thereon 
readjusted, and leakage ceased. The 


patient was kept supine, with the head 
elevated. The lumbar drain was removed 
on the 10th postoperative day. The patient 
was released, symptom free, on the 12th 
postoperative day and was followed up for 
6 months without recurrence before being 
unavailable for follow-up. 


METHODS 
Dried Skull Examination 


Twenty-five dried human skulls from 
the Department of Anatomy of the Univer- 
sity of Arizona, Tucson, and the University 
of Michigan, Ann Arbor, were examined. 
All skulls were of excellent quality. The 
orbits were examined directly and from 
above by removal of the cranium, viewing 
the orbital roof from the anterior cranial 
fossa. With the use of transillumination as 
a guide to bony thickness, dehiscences and 


areas of thinning were sought and re- 
corded. 

The orbital roof varied in thickness and 
contour, with symmetry occurring between 
left and right orbits. Of 50 orbits, 8 (16% ) 
had atrophic bony defects in the roof (Fig 
2). In all cases, thinning and atrophic 
changes in the bone occurred in the poste- 
rior orbit, more medially than laterally. 


Cadaver Study 


Cautery to Orbital Roof.—Two fresh 
orbits and six preserved cadaver orbits 
were obtained for examination. The latter 
orbits were preserved with a standard 
embalming solution of 10% formaldehyde, 
6% liquefied phenol, 11% propanediol,'? 
27% isopropyl alcohol, and 52% water. 

Exenteration was performed. The orbit- 
al contents were amputated at the apex. 





Fig 1.—Cerebrospinal fluid leakage (arrow) during exenteration. Suction adjacent to site of 


cerebrospinal fluid leakage. 


Fig 2.—Left, Dried skull. Note venous diploé (arrows). Right, Dried skull. Senescent defects, both orbits (arrows). 
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Fig 3.—Experimental model: right orbit. Fluorescein sodium (296) 
poured liberally in anterior cranial fossa. t indicates tuberculum sella; f, 
falx cerebri. 


The cranium was removed with a horizon- 
tal saw. The dura was incised, and the 
frontal lobes were retracted to expose the 
orbital roof from the cranial side. The dura 
of the skull base was left intact. Dehis- 
cences in the periorbital dura or bone 
defects were sought specifically, though 
none were found. 

The cadavers were positioned upright. 
Two percent fluorescein sodium solution 
was poured intracranially into the middle 
and anterior cranial fossae, specifically in 
the area of the orbital roof (Fig 3). The 
fluorescein, when observed in the exenter- 
ated orbit, acted as a marker signifying a 
rent in the dura and bone, and, therefore, a 
cranio-orbital communication. Penetration 
of the orbital roof and dura by the cautery 
were signaled by the intraorbital appear- 
ance of fluorescein (Fig 4). 

A monopolar cutting cautery (SurgiStat 
Valley Lab, Boulder, Colo) with a needle tip 
was then applied along the intact exenter- 
ated orbital roof at varying power settings, 
times, and locations in the coagulation 
mode, mimicking cautery during exentera- 
tion of the orbit. Cautery was compared 
when the field was dry, and wetted with 
saline solution. Power, location, time, and 
spatial location were varied systemically 
along the roof and medial wall. 

The monopolar cautery, applied even on 
maximum power settings (25 W) with the 
unit used for periods as long as 1 minute, 
was incapable of producing intraorbital 
fluorescein leakage in this experimental 
model in either a dry or saline solution- 
irrigated field. 

Cautery to the orbital apex with moder- 
ate power settings (8 to 10 W) produced 
leakage through the optic canal or the 
superior orbital fissure. 

Cautery to Orbital Roof in Presence of 
Iatrogenic Defects.—From the orbital side, 
small holes in the bone of the orbital roof 
were made at various points with the use of 
a 26-gauge needle. Perforation of the over- 
lying dura was avoided. Coagulation of 
these points as described above at lower 
power settings (6 to 8 W) resulted in the 
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appearance of fluorescein within the orbit 
in both dry and wet monopolar cautery 
modes. 


COMMENT 


While it is difficult to extrapolate 
cadaver findings to the living model, 
our findings suggest that leakage fol- 
lowing low-voltage, high-frequency 
electrocoagulation to the orbital roof 
does not occur unless an area of orbit- 
al bone is absent. Defects of this type 
were present in 16% of the dried 
skulls that we examined. We postulate 
that, in all of our operative cases, a 
bony defect allowed the transmission 
of electrical energy to the dura, thus 
violating it and resulting in the 
appearance of CSF in the operative 
field. 

Dehiscences are not uncommon in 
the orbital roof. Whitnall found 
them in approximately 15% of dried 
skulls. He categorized defects as 
either senescent, congenital, or patho- 
logic. Senescent defects were situated 
in the middle of the bony roof with 
irregular borders. Congenital defects 
were located at bony suture sites and 
had smooth and regular margins. 
Pathologic defects occurred along the 
medial wall, probably due to oblitera- 
tion of bone from sinus disease. Occa- 
sionally, the orbital roof also had 
pathologic dehiscences if pneumatized 
by ethmoidal air cells or supraorbital 
sinuses. Our dried skull examination 
also yielded a similar incidence of 
bony dehiscences (16% ). 

Bleeding from the orbital roof dur- 
ing exenteration can occur from anas- 
tomotic connections between the dip- 
loé and the periorbit, from orbital 
vessels, from vessels that course 
through the ethmoidal foramina, 





Fig 4.—Experimental model: right orbit. b indicates dark blotches: 
areas of maximum cautery. No fluorescein sodium leakage is shown. 
Intraorbital appearance of fluorescein is only in areas of iatrogenic 
defect (arrows). a denotes orbital apex. 


from sinus mucosa, or from osseous 
suture lines. In all instances, hemo- 
stasis is necessary to the smooth com- 
pletion of surgery. 

Electrocoagulation through the use 
of monopolar cautery is an omnipres- 
ent and effective method of obtaining 
hemostasis. Hemostasis is achieved 
through the production of heat necro- 
sis. With the monopolar system (Val- 
ley Lab, Boulder, Colo), which is 
favored by the authors, an active elec- 
trode is used at the site of desired 
coagulation, and a patient return elec- 
trode allows current to flow from the 
instrument to a ground. Monopolar 
cutting cautery is our method of 
choice during exenteration because 
this system efficiently electrodissects 
the orbital contents with almost abso- 
lute hemostasis, a mixture of coagula- 
tion and cutting can be employed, and 
an added fulgurating effect can also 
be obtained. 

In monopolar electrocoagulation 
systems, adjacent tissue damage may 
occur, as current is channeled from 
the tip to the ground. The electrosur- 
gical technique may play a role in the 
production of channeling and conse- 
quent adjacent tissue damage. Over- 
zealous application of cautery may 
result in charring, sparks, and 
extremely high tissue tempera- 
tures. ^? With the 25-W unit used 
during surgery and in our experi- 
ments, the maximum power applied to 
bone was insufficient to result in 
charring or disruption and CSF leak- 
age. 

Wet field coagulation has been sug- 
gested as a means of preventing char- 
ring and lessening the channeling 
effect. Liquid displaces blood from the 
field and generates a thin film that 
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the presence of a bony defect. 
Bipolar cautery limits the flow of 
current to an area between the tips of 
he bipolar. forceps, produces less 
adjacent tissue injury, and, in general, 
s advocated for deep orbital surgery." 
We did not assess bipolar cautery in 
the production of dural disruption in 
the presence of a bony defect. We 
.suspect that direct dural contact with 
the bipolar tips would be necessary 
for sufficient current conduction to 
-eause dural injury and resulting CSF 
eakage. 

Cerebrospinal fluid leakage is infre- 
uent in ophthalmic surgery. Neuhaus 
and Baylis” reported three cases of 
OSF leakage during dacryocystorhin- 
ystomy. In their cases, enthusiastic 
‘bone removal may have torn the dura 
primarily or lacerated it secondarily 
-as sharp bone fragments were re- 
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- . moved." Chronic CSF leakage follow- pati 
d ti ld coagu- — ing daeryocystorhinostomy has also 
rever, may also cause severe _ 
ad acent damage, and in our experi- 
ntal model, it eaused dural injury 


been reported.” These cases have not 
implicated monopolar cautery in the 
inadvertent production of CSF leak- 
age. 

The treatment of traumatic CSF 
leakage has been detailed else- 
where.?/*22* Management principles 
include neurosurgical consultation, 
bed rest, acetazolamide, and dural clo- 
sure with sutures, flaps, grafts, artifi- 
cial dura, or tissue adhesives. Intrave- 
nous antibiotics and lumbar drainage 
may also play a role in the manage- 
ment of CSF leakage.'*??*4 

These three cases of CSF leakage 
during exenteration militate for the 
conservative use of monopolar elec- 
trocoagulation or alternative methods 
of hemostasis to control bleeding 
along the orbital roof during exenter- 
ation, especially if bony defects or 
thinning are observed. Computed 
tomographic scanning, especially with 
bone window settings, may be helpful 
in the preoperative examination of 
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may be used in lieu of monopolar 
cautery. Furthermore, monopolar 
cautery should be applied judiciously 
to the orbital apex, as in our experi- 
mental model, penetration of the eau- 
tery tip occurred readily through the 
superior orbital fissure with minimal 
pressure, and CSF leaks were simu- 
lated through small experimentally 
created foramina at minimal power 
settings. 
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Possible Role of Contiguous Inflammation 
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è Three cases of long-standing intra- 
nasal cocaine abuse were associated with 
orbitopathy or optic neuropathy. All three 
cases were characterized by chronic 

i. sinusitis. Histopathologic examination of 
< involved sinus and orbital tissues 
». revealed chronic and acute nonspecific 
. inflammation, with no evidence of unusual 
‘infections or of idiopathic midline 
destructive disease. In two of the cases, 
there was radiographic evidence of con- 
tiguous orbital inflammation associated 
—. with sinusitis. The inflammatory orbital 
`- process in these two cases was steroid 
responsive, but in one case recurrent 
inflammation occurred in response to ste- 
roid tapering. One patient suffered a com- 
. plete loss of vision in the involved eye due 
to fulminant orbital inflammation and 
opii nerve dysfunction. 
= (Arch Ophthalmol. 1989;107:831-835) 










rhe prevalence and effects of 
cocaine abuse have received wide 
attention in both the lay and medical 
press. Cocaine abuse is associated 
with a multitude of medical complica- 
tions, the nature of which is depen- 
dent in part on the route of adminis- 
tration.’ The intranasal route is asso- 
ciated with complications related to 
‘chronic irritation of the delicate 
1ucosal lining of the upper respirato- 
y tract; such complications include 
chronic osteolytic sinusitis.’ 
.. Ophthalmic involvement from co- 
.. eaine abuse is unusual. In fact, most 
ophthalmologists are far more famil- 
iar with the pharmacologic benefits of 
cocaine, including its utility in pupil- 
lary testing and its powerful anes- 
thetic and vasoconstrictive effects on 
mucosal surfaces, than they are 
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acquainted with the side effects of 
cocaine abuse. 

Ophthalmic complications of co- 
caine abuse have been reported, how- 
ever. Bilateral corneal ulcers were 
noted in a patient who applied cocaine 
directly into the conjunctival for- 
nices.? Although the literature con- 
tains a report on the use of cocaine in 
treating optic neuropathy,’ a case of 
optic neuritis has been observed in a 
patient with chronic osteolytic sinus- 
itis related to intranasal cocaine 
abuse.’ In this article, we report three 
additional cases of orbital or optic 
nerve involvement associated with 
chronic intranasal cocaine abuse and 
chronic sinusitis. 


REPORT OF CASES 


Case 1.—A 45-year-old black man pre- 
sented with a several-year history of intra- 
nasal cocaine abuse. A nasoseptal perfora- 
tion had been managed with a plastic 
button since 1980. In September 1986, he 
developed pain on eye movement in his 
right eye. One week after the onset of the 
pain, he noted blurred vision in his right 
eye. He described the visual loss as a 
“window shade” halfway down over his 
right eye. Visual acuity worsened subjec- 
tively during the ensuing 3 days. 

A medical history revealed that the 
patient had been kicked in the right eye 
approximately 30 years previously. Also, 
he has suffered extensive third-degree 
burns over most of his body 6 years earlier 
and had undergone multiple skin grafts. 
He cari*ed the diagnosis of Wolff-Parkin- 
son-White syndrome. There was no history 
of abuse of over-the-counter nasal sprays. 

A review of systems disclosed anorexia 
and a 10-kg weight loss during the past 6 
months. 

An initial examination showed visual 
acuities of 10/400 OD and 20/30 OS. A 
right-sided afferent pupillary defeet was 
noted. There was mild to moderate right 
optic dise swelling (Fig 1) OCTOPUS 
quantitative visual field testing showed a 
dense superior altitudinal defect and a 
central scotoma (Fig 2). 

Laboratory evaluation of the following 
tests yielded normal results: purified pro- 
tein derivative (tubereulin) complete 
blood cell count, angiotensin converting 
enzyme, fluorescent treponemal antibody 
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absorption, and erythrocyte sedimentati 
rate. A chest x-ray film was normal, : 
computed tomographic (CT) and magne 
resonance imaging (MRI) scans. demo 
strated thickening of the ethmoidal sinu: 
mucosa (Figs 3 and 4). The MRI. sean 
showed diffuse white-matter lesions 0 
basal ganglia. A neurologie consulta 
failed to uncover any findings th 
consistent with a diagnosis of dem 
ating disease. 
The patient was thought to have an op 
neuropathy of unknown origin that w 
possibly related to his sinus disease. Vist 
acuity continued to deteriorate to cow 
fingers, and he was referred for otolary 
gologic evaluation. k 
In October 1986, 4 weeks after the € 
of symptoms, the patient underwen 
ration of his right maxillary, ethmo 
and sphenoidal sinuses. Polypoid nfla 
mation was found in all three sini 
ties. All polypoid tissue was removed, a 
the sinuses were exteriorized to the nasal. 
fossa. He had an uneventful postoperative. 
recovery. : 
À histologic examination of the surgiés 
specimens showed chronic mucosal infla 
mation that was consistent with sinusiti: 
without any fungal elements or- atypica 
cellular changes. All cultures of the nasa 
sinuses yielded only normal flora. 
One day postoperatively, the patient 
reported improvement of his peripheral 
vision. Two weeks later, visual acuity was. 
20/400 OD. An afferent pupillary defec 
was still present. On fundus examination, 
the preoperatively documented dise swell- 
ing had been replaced by mild optie atro 
phy. OCTOPUS visual field testing showed 
a marked decrease in the extent of his 
altitudinal scotoma, although a central. 
scotoma was still present. i 
One year postoperatively, visual acuity. 
had recovered to 20/50 OD. Generalized. 
optic atrophy in the right eye with diff 
nerve fiber layer dropout was noted. S 
nificant improvement was demonstrate 
on perimetric testing. i: 
CASE 2.— A 38-year-old white man h à 
10-year history of chronic intranass 
cocaine abuse. He presented with. acd 
month history of progressively worsenin 
horizontal diplopia on both fields of laterz 
gaze, worse on the right. There was n 
history of orbital pain, decreased vision, or 
other neurologic symptoms. There was mo 
history of trauma. cer 
The patient was medically healthy, with 
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no history of diabetes, hypertension, cere- 
brovascular disease, demyelinating dis- 
ease, or immunosuppression. 

An examination revealed visual acuities 
of 20/20 OD and 20/20 OS. There was no 
afferent pupillary defect. Hertel exoph- 
thalmometry measured 17 mm OU. One 
millimeter of blepharoptosis was noted in 
the left upper evelid. 

An examination of the extraocular 
movements showed significantly decreased 
abduction and virtually absent adduction 
of the left eye, with eyelid elevation on 
attempted adduction. Mild limitation of 
infraduction was present, with normal 
supraduction. Horizontal saccades were 
clinically slowed. Forced duction testing of 
the left eye revealed no restriction. A 
30-PD exotropia was measured in primary 
gaze, which increased to 60 PD in right 
gaze and converted to a 20-PD esotropia in 
left gaze. Also, corneal sensation on the 
left was reduced. The remainder of the 
anterior and posterior segment examina- 
tion was unremarkable. 

Beeause of the examination findings 
that suggested left-sided third, sixth, and 
possibly fifth cranial nerve involvement, 
an MRI study was performed to evaluate 
the region of the cavernous sinus. On MRI 
scans with T, and T, weighting, the cavern- 
ous sinus was noted to be normal. Howev- 
er, the scan revealed striking destruction 
of the nasal septum, turbinates, and medi- 
al maxillary antrum, with mucosal thick- 
ening involving the ethmoidal and sphe- 
noidal sinuses (Fig 5). 

A CT sean was performed, which also 
documented mucosal thickening in the 
maxillary, ethmoidal and  sphenoidal 
sinuses, as well as diffuse bone de struction. 
In addition, the CT scan disclosed a left 
medial orbital soft-tissue mass (Fig 6). 
This mass extended posteriorly into the 
orbital apex and could not be differenti- 
ated from the medial rectus muscle. 
Absence of the inferior lamina papyracea 
was noted. 

A transnasal biopsy of the ethmoidal air 
cells and left medial orbital tumor was 
performed. A histopathologic examination 
of the removed tissue revealed acutely 
inflamed necrotic debris and osteomyelitis 
with multiple bacterial colonies; no peri- 
vascular inflammation or giant cells were 
noted. A bacteria! culture yielded moder- 
ate Staphylococcus aureus, sensitive to tet- 
racycline. Stains and cultures for acid-fast 
bacilli and fungi were negative. 

A diagnosis of acute and chronic osteo- 
lytic sinusitis with staphylococcal superin- 
fection was made. The orbital mass was 
thought to be contiguous orbital inflam- 
matory tissue. The patient was treated 
with prednisone, 60 mg/d on a rapidly 
tapering regimen, and with tetracycline 
hydrochloride, 500 mg four times each day. 
Following debulking of the medial orbital 
tumor and treatment with antibioties and 
corticosteroids, the patient's ocular motili- 
ty improved slightly. 

Six months after the patient's initial 
presentation, abduction was almost nor- 
mal although there was still significant 
decreased adduction in the left eye. The 
patient was able to fuse intermittently in 
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Fig 1.--Case 1. Fundus photograph of right optic nerve head on initial presentation demonstrates 


peripapillary nerve fiber layer thickening and slight blurring of nasal disc margin. 
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Fig 2.—Case 1. Automated perimetry of right eye on initial presentation shows dense central 
scotoma and inferior arcuate defect. 
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Fig 3.— Case 1. Axial (left) and coronal (right) computed tomographic scans, obtained preoperatively, reveal bilateral diffuse 
ethmoidal sinus opacification. 





Fig 4.—Case 1. Axial (left) and coronal (right) T,-weighted magnetic resonance imaging scans demonstrate diffuse 
ethmoidal sinusitis. 





p- Fig 5.—Case 2. Sagittal (left) and axial (right) magnetic resonance imaging scans demonstrate mucosal thickening and 
extensive loss of normal bony architecture in nasal cavity and ethmoidal sinuses. Left inferomedial orbital soft-tissue mass 
can be appreciated (arrow). 
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Fig 6.— Case 2. Coronal (left) and axial (right) computed tomographic scans show extensive loss of normal nasal, ethmoidal, 
and antral bony architecture. Medial orbital wall is partially absent bilaterally. Diffuse mucosal thickening is present in 
ethmoidal, maxillary, and sphenoidal sinuses. There is a left medial orbital soft-tissue mass, which cannot be distinguished 


from medial rectus muscle (arrows). 





Fig 7.— Case 3. Left, Coronal T,-weighted magnetic resonance imaging scan demonstrates left medial orbital soft-tissue 
mass (arrow). Left maxillary sinus is opacified; ethmoidal sinus is partially surgically absent. Right, Axial T,-weighted 
magnetic resonance imaging scan again demonstrates left medial orbital mass (large arrow). Mass is extraconal but extends 


posteriorly toward orbital apex. Left ethmoidal sinus is diffusely opacified (small arrow). 
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the primary position, and 10 PD of exopho- 
ria was measured on alternate cover test- 
ing. Visual acuities were unchanged at 
20/20 OU. A follow-up CT scan showed a 
decreased size of the medial orbital soft- 
tissue mass. The patient continued to take 
cocaine against the advice of his physi- 
cians. 

CASE 3.—A 54-year-old white man 
admitted to a 3-year history of intranasal 
cocaine abuse. He had a known perforation 
of his hard palate and nasal septum of 1 
year’s duration. 

The patient presented with a 1-week 
history of rapid onset of left ocular redness 
and pain, with associated diplopia. There 
was no history of trauma. He denied any 
history of diabetes, hypertension, intrave- 
nous drug abuse, acquired immunodefi- 


Fig 8.—Case 3. Axial computed tomographic 
scan reveals extent of left orbital mass. Left 
medial orbital wall and ethmoidal sinus are 
partially surgically absent. 


ciency syndrome, or intranasal corticoste- 
roid use. On examination, his best cor- 
rected visual acuities were 20/20 OD and 
20/25 OS. There was a tender left orbital 
swelling with global limitation of extra- 
ocular ductions. The optic nerve head was 
reported to be normal, and no afferent 
pupillary defect was observed at that time. 
Laboratory tests, including VDRL, fluores- 
cent treponemal antibody absorption, and 
human immunodeficiency virus, were neg- 
ative. 

An orbital CT scan revealed sinusitis 
and bone erosion with extensive absence of 
normal sinus architecture. A left inferome- 
dial orbital soft-tissue mass was noted 
that extended posteriorly toward the apex. 
A biopsy specimen of the left orbital mass 
was obtained through a transnasal 
approach. A histologic examination of both 
the sinus mucosa and the orbital mass 
demonstrated chronic inflammation, with 


osteomyelitis of the bone in the region of * 


the middle turbinate. Cultures with the use 
of multiple media were negative. 
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ES oral corticosteroids and a 
NE cephalosporin antibiotic. He was quite sen- 
^ - sitive to the tapering of his oral corticoste- 
- "poids, however, and during the course of 
several months, his condition gradually 
ened clinically with increasingly 
vere episodes of painful orbitopathy and 
th progressively decreasing vision in the 
eft eye. He was referred to the Jules Stein 
-Eye Institute, Los Angeles, Calif. 
= The patient stated that he was no longer 
>> using intranasal cocaine. His visual acui- 
— ties at this time, 4 months after his initial 
` presentation, were 20/20 OD and 20/30 OS. 
A trace left afferent pupillary defect was 
detected. The left eyelids and periocular 
tissues were swollen and erythematous, 
There was 3mm of left upper eyelid ptosis, 
with slightly reduced levator function. 
Hertel exophthalmometry measured 
17.0 mm OD and 18.5 mm OS. There was an 
increased resistance to retrodisplacement 
of the left globe. Ductions of the left globe 
^. were decreased, and alternate cover testing 
> ghowed a 12-PD exotropia and 14-PD left 
hypotropia. The left optic nerve head was 
slightly hyperemic compared with the 
right, with blurring of the disc margin. 
Findings from MRI and CT studies con- 
firmed the presence of the previously 
observed left orbital soft-tissue mass (Figs 
7 and 8). There was diffuse thickening of 
the sinus mucosa with asymmetric involve- 
ment of the left side, and the ethmoidal 
and maxillary sinuses were surgically par- 
tially absent. 
. «o The clinical presentation and findings 
y from previous studies were consistent with 
an idiopathic sclerosing inflammatory 
tumor of the left orbit. Because of the 
clinical worsening of the patient's condi- 
"tion, however, a decision was made to 
` debulk the tumor and obtain tissue for 
eulture and histologic examination. 

The patient was admitted to the oculo- 
plasties service, and the left orbit was 
explored through a Lynch incision. The left 
inferomedial orbital tumor was debulked, 
the ethmoidal and maxillary sinuses were 
explored, and biopsy specimens of these 
sinuses were taken. À nasoantral window 

. was created. Histopathologic and immuno- 
histochemical examinations of the surgical 
specimens revealed nonspecific fibroin- 
-flammatory tissue; no giant cells, perivas- 
.. eulitis, or atypical cells were observed. 
^ Cultures and stains disclosed no fungal or 
atypical bacterial cause. 
" Unfortunately, the patient's condition 
continued to deteriorate. Despite treat- 
ment with 60 mg of prednisone per day, his 
orbititis persisted, with marked resistance 
to eorticosteroid tapering. Two months lat- 
er, while he was taking 40 mg of predni- 
sone daily, the patient experienced a par- 
tieularly severe episode of left orbital pain. 
On the next morning, he awoke with no 
light perception in the left eye. The left 
orbit was tense and proptotic, with a virtu- 
cally frozen globe. The left optic nerve head 
.was swollen, and there was a dense left 
| erent pupillary defect on the left eye. 
emergency -CT scan showed. an 
sed size of the inferomedial orbital 
i apical compression of the optic 
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-symptoms responded | 


nerve. Despite heroic attempts to restore 


optie nerve function with high-dose intra- 
venous steroids and transantral posterior 
orbital decompression, he recovered no 
vision in the left eye. 


COMMENT 


Intranasal eocaine abuse has been 
associated with nasoseptal perfora- 
tion and chronic osteolytic sinusitis.’ 
The concurrent use of over-the- 
counter and prescription vasocon- 
strictors and steroids may contribute 
to the chronic erosive sinusitis in 
these patients. 

Newman et al’ reported a case of 
cocaine abuse with osteolytic sinusitis 
associated with optic neuritis. They 
postulated contiguous orbital inflam- 
mation as the cause of the optic neuri- 
tis. 

We have reported three additional 
cases of intranasal cocaine abuse, 
chronic sinusitis, and orbital involve- 
ment. In our first case, as in Newman 
and colleagues" previously reported 
case, optic neuritis was the only oph- 
thalmic manifestation, In our other 
two cases, there was direct evidence of 
orbital involvement with an inflam- 
matory medial orbital mass that was 
noted clinically, as well as on CT and 
MRI studies. In both cases, the orbital 
soft-tissue mass was radiographically 
contiguous with ethmoidal sinus 
inflammation, with partial loss of the 
lamina papyracea. We believe that 
these findings add credence to the 
theory that the orbital involvement in 
these cases is contiguous from chronic 
inflammation of the adjacent si- 
nuses. 

The excised tissue, from the sinuses 
in patient 1 and from the sinuses and 
orbit in patients 2 and 3, was histo- 
pathologically similar in all three of 
our patients. A nonspecific pattern of 
chronic and acute inflammation was 
observed, with variable fibrosis. 
Except for the antecedent history of 
cocaine abuse, cases 2 and 3 would 
have fallen into the category of an 
idiopathic sclerosing inflammatory 
pseudotumor. 

In none of our cases were the histo- 
pathologic findings suggestive of a 
neoplasm or of unusual granuloma- 
tous diseases such as Wegener’s gran- 
ulomatosis or lethal midline gran- 
uloma. These potentially treatable 
disorders must be considered in the 
differential diagnosis of erosive pan- 
sinusitis^* Wegener’s granulomatosis 
is a systemic disease that is often 
responsive to cytotoxic agents.’* Mid- 
line granuloma, or idiopathic midline 
destructive disease, may respond to 
high-dose radiation therapy.’ Unfor- 
tunately, the histopathologic differen- 















































be difficult based on a nasal biop 
specimen alone, because nonspecific 
inflammation is often the only find- 
ing.9? 

There is no proof that contiguous 
inflammation was responsible for the 
neuropathies found in these three 
patients. In particular, ischemia may 
have played a role. Patients 2 and : 
did respond to corticosteroids, howe 
er, suggesting that inflammation was 
at least a contributing factor in the 
pathogenesis of orbital neuropathy. 
of tissue from the ‘orbit revealed the 
presence of inflammation. 

The constellation of findings - w 
these three cases—long-standing co- 
caine abuse, chronic sinusitis. with 
bone erosion, and orbital | ome 
thy—is an interesting prese ati 
and, regardless of pathoph 
deserves attention. All three 
patients presented early in the 
cal course to ophthalmologi 
finding of these additional case: 
orbital dysfunction associate 
intranasal cocaine abuse serves 
reminder that drug abuse ma 
protean manifestations and should b 
searched for in the history of patient: 
with unusual clinical presen 
The malignant course of the 
inflammation in our third 
demonstrates the poten 
siveness of contiguous or 
mation associated v 
induced chronic sinusiti 
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€ Results of previous studies have 
strongly indicated that the prevalence of 
. elevated intraocular pressure is greater in 
blacks than in whites and that blacks are 
. more susceptible than whites to glauco- 
matous damage at any given level of 
pressure. it has also been suggested that 
a larger disc area might predispose an 
eye to glaucomatous damage. We investi- 
gated the possibility that clinically quanti- 
fiable differences might exist in optic disc 


: parameters between normotensive white 


and black patients. Disc area, cup-to-disc 
“ratio, and cup volume measured with a 
_video-ophthalmograph (Rodenstock Optic 
-Disc Analyzer) were significantly larger in 
‘blacks than in whites, while there was no 
difference in the disc rim area between 
the two groups. We derived a mathemati- 
“cal model of the optic disc that relates 
posterior displacement of the lamina cri- 
-brosa to the disc area, distensibility of the 
disc, and intraocular pressure. 

(Arch Ophthalmol. 1989;107:836-839) 


-Among the reported factors that 
-A determine susceptibility to glau- 
omatous damage are racial origin 
and size of the optic nerve head. The 
prevalence of elevated intraocular 
pressure is greater in blacks than in 
whites," while blacks with ocular 
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hypertension have a greater risk of 
developing glaucomatous damage 
than whites?^* Martin et al^ con- 
cluded that a biologic basis underlies 
the greater risk of glaucomatous optic 
nerve damage in blacks. 

The size of the optic dise may be a 
determining factor in the develop- 
ment of glaucomatous damage at any 
given level of intraocular pressure, 
with a larger disc! or a larger cup- 
to-disc ratio* predisposing to damage. 
In clinical studies, normotensive 
blacks have been described to have 
larger mean cup-to-disc ratios than 
whites.*?!? 

We hypothesized that differences in 
the physiologic cup-to-dise ratio 
between blacks and whites might 
reflect differences in the disc area, 
and that such differences might 
underlie the greater susceptibility of 
blacks to glaucomatous damage. The 
video-ophthalmograph  (Rodenstock 
Optie Disc Analyzer [RODA] pro- 
vides quantitative measurements of 
optic disc parameters and topography 
via a stereoscopic video fundus cam- 
era and computerized analysis of the 
images. In this study, we compared 
the optic nerve heads of normotensive 
black and white patients for similari- 
ties and differences in specific disc 
parameters. 


SUBJECTS AND METHODS 


We measured the optic disc parameters 
of 30 black (58 eyes) and 31 white (59 eyes) 
normotensive volunteers between the ages 
of 18 and 35 years using the RODA. The 
protocol was approved by the institutional 
review board, and all patients signed 
informed consent forms. Patients were 
enrolled from the Refraction Clinic of The 
New York (NY) Eye and Ear Infirmary 
and matched for race. All patients who 
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Thomas Chi, MD; Robert Ritch, MD; David Stickler, PhD; Bruce Pitman, PhD; Clark Tsai, MD; F. Y. Hsieh, PhD 


were selected had a visual acuity of 20/20 
or better. Patients who did not have any 
ocular or systemic disorders known to 
affect the optic dise were excluded from 
participation. All patients had an intraoc- 
ular pressure less than 21 mm Hg by 
Goldmann applanation tonometry on two 
separate occasions. 

The RODA provides measurements by 
generating two stereoscopic half images 
that are recorded simultaneously with a 
video camera to generate a full image. The 
principles that underlie the image analysis 
system and the reliability and reproduci- 
bility of measurements obtained with it 
have been described elsewhere.'''* The disc 
margins were marked by three different 
operators who viewed the disc individually 
and at different times. Dise stereophoto- 
graphs performed on the same day as the 
RODA measurements were used to assist 
the operator to delineate the disc edges. 
The measurements were corrected for 
magnification by inputting the axial 
length obtained by A-scan ultrasonogra- 
phy (Sonometries model TB-400) into the 
RODA program for the computer calcula- 
tion of the disc parameters. The optic disc 
parameters examined were the cup-to-dise 


ratio, disc area, cup volume, and disc rim _ 


area (DRA). The means of the values of the 
four parameters obtained by the three 
operators for each dise were recorded as 
one set of data. 

The data were analyzed and compared 
using an analysis of variance model with 
repeated measurements between opera- 
tors. In the model, there are four factors: 
race, subject, eye, and operator. The eye 
factor (right or left eye) was nested within 
the subject factor, and the operator factor 


was nested within the eye factor. The | 


analyses were repeated for each of the four 
parameters. We calculated the values for 
the disc parameters at the 25th, 50th, and 
75th percentiles for each group. Clinical 
parameters compared between groups, 


such as sex and refractive error, were € 





analyzed using paired ¢ tests or y? tests 


where appropriate. 
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^ [Mean + SD 
IOP, mm 
Hg* 14.1 + 2.5 

Mean + SD 
refractive 
error, D* 

Mean + SD 
axial length, 








13.5 x 2.1 









—1.25:: 1.98 —1.36 + 1.78 


23.80 + 1.12 23.55 t 1.11 








* OP indicates intraocular pressure; D, diopters. 


RESULTS 


Details of the patient population 
are shown in Table 1. There were no 
significant differences between the 
means of the two groups for age, sex, 
intraocular pressure, refractive error, 
axial length, or family history of glau- 
coma. 

There were no significant differ- 
ences (F test, P» .05) among the 
-three operators for all parameters. 
.^ The intraclass correlation coefficients 

E were very high (Table 2). 

. Blacks and whites had highly sig- 
| "düfieant differences between the cup- 
to-disc ratios, disc areas, and cup vol- 
umes (P «.0001), but not the DRAs 
(P».1) (Figure and Table 2). The 
black patients consistently had great- 
er values for the disc area, cup-to-dise 
ratio, and cup volume at the 25th, 
50th, and 75th percentile levels (Table 
3) However, the DRA was similar 
between the two groups at all percen- 
tiles. 

Five patients (two black and three 

white) had a family history of glauco- 

-ma. In all, the cup-to-disc ratio and 

“disc area were above the mean for 

their respective group. In four of 

-— them, the cup-to-disc ratio was great- 
er than 1 SD of the mean. 

There was no correlation between 
the refractive error and disc area 
(r = 0). Other studies have reported a 
laek of correlation between these 
parameters?! 


COMMENT 


In addition to an elevated intraocu- 
lar pressure, reported risk factors for 
the development of glaucomatous 
ge include a family history of 
coma, Tace, age, myopia, in- 
ased eupping, diabetes mellitus, 
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0.62 (0.017) 
2.15 (0.056) 
0.50 (0.042) 
1.18 (0.038) 


DA, mm? 
CVOL, mm? 
DRA, mm? 





tBlack vs white, P < .0001. 
iBiack vs white, P > .1. 


systemic hypertension, and other vas- 
cular disease.” 

The prevalence of ocular hyperten- 
sion is greater in blacks than in 
whites,'* and blacks have a greater 
susceptibility than whites to glauco- 
matous damage in the presence of an 
elevated intraocular pressure.'^* Once 
glaucomatous damage develops, 
blacks tend to progress more rapidly 
and severely. The prognosis is 
poorer, and the incidence of blindness 
is greater in blacks.^ The average 
age of black patients with glaucoma is 
vounger than that of whites with com- 
parable degrees of illness, suggesting 
an earlier onset of glaucoma among 
blacks.***45728 A biologic basis for 
these differences has been hypothe- 
sized. ^ However, specific differences 
that would explain racial variation in 
susceptibility to an elevated intraocu- 
lar pressure and glaucomatous dam- 
age have not been elucidated previous- 
ly. 

The absolute size of the optic disc 
may be a factor in determining sus- 
ceptibility to the development of glau- 
comatous damage at any given level of 
intraocular pressure. Tomlinson and 
Phillips! suggested that glaucomatous 
nerve fiber layer damage might be 
produced at lower intraocular pres- 
sures in eyes with larger disc areas. 
Armaly® suggested that a greater 
pressure (ie, greater force) would be 
exerted on a dise with a larger cup 
than a disc with a smaller cup at any 
given pressure. 

In clinical studies, normotensive 
blacks have been reported to have 
larger mean cup-to-disc ratios than 
whites.**° In one glaucoma screening, 
the referral rate for additional testing 
for blacks on the basis of an abnormal 
disc appearance was nearly twice that 
for whites.” Quantitative measure- 
ments that illustrate absolute differ- 
ences in optic disc parameters 
between blacks and whites have not 
previously been performed. 

We found significant racial differ- 
ences in the dise area, cup-to-disc 
ratio, and cup volume, but not the 











* CDR indicates cup-to-disc ratio; DA, disc area; CVOL, cup volume; and DRA, disc rim area. 





“intraclass i 
Correlation 
Coefficient . 
(Range) | 


.971(954-989) ` 
938 (91-975) > 
.962 (.944-,978) | 
.936 (.906-.967) 












0.41 (0.022)t 
1.73 (0.06 1)t 
0.23 (0.024)t 
1.27 (0.048)4 


































































DRA, between normotensive, non 
glaucomatous black and white pa 
tients (Table 2). 
To clarify the possible relationship. 
between these differences in dis 
parameters and susceptibility to: glau 
comatous damage, we derived an ele 
mentary model of the optic dise tha 
relates displacement of the lamina 
eribrosa to the intraocular pressure 
disc area, and distensibility of the 
disc. 3 
Treating the disc as a distensible. 
membrane, the following assumptions. 
were made: 
1. Pressure on the lamina cribrosa : 
is uniform. a 
2. The optic disc is circular, and 
dise edge is not displaced by increases 
intraocular pressure. 
3. Distensibility of the lamina. eri 
brosa is represented by 1/k, where 
depends on the physical properties o f 
the lamina cribrosa and is a con- 
stant. | 
Classic membrane theory predicts: 
that the maximum displacement D 
can be expressed as 


PA 
4ak 


where P represents intraocular pres- 
sure, and A is the disc area. As either 
P or A increases, so does the maxi- 
mum displacement, and as k (the "ri 
gidity” of the lamina structure) in- 
creases, the displacement decreases. 

The expression for the maximum 
depression (equation 1) was derived 
from the following equation describ- 
ing membrane displacement: 


(2a) 








(1) D= 


AU- P o<r<a 
(2b) U (a) =0 


where U is the displacement of the 
membrane, P is the pressure on the 
oe and 1/k is the "the radius of 


Racial Differences—Chi ei 



















Pi 35 m 
s M ON 
4 J Rn 
] a 
M | m9 3 B 
2 ul J RN LN Gh 
P YI | NM M 
d ON N NNN EE 
ide 0d B Bab 
CLN oN N NER 
JA RAN. BRREEE 
IARRANN SEEREEEE 
0 .09 0.27 0.36 0.45 0.54 
M 
N 
| 
è 
S 
à 
M 
: N - 
? rs è Rl 
M M M a 
" : M &l M 
NK IS 
EER 
$ M M M 3 
JE EE. E. 
O 02 04 06 08 10 12 






lues of Optic — 







[| 26% 0.28 0.53 
© 50% 0.44 0.64 
75% 0.55 0.70 


1.48 1.84 
1.64 2.06 
1.89 2.44 


1.05 0.94 
1.23 1.20 
1.41 1.33 


























: *CDR indicates cup-to-disc ratio; DA, disc area; 
nd DRA, disc rim area. 


rounds, the solution is expected to be 
nite at = 0. Therefore, the coeffi- 
ient: of the second function is taken to 
ie zero. The solution to equations 2a 
-and 2b, subjected to the above condi- 
tion, is as follows: 





D e face ita an i elevated intraocu- 
arp pressure, the lamina cribrosa, 
‘oun i icles the. structurally 











oO pesca 


63 0.72 0.81 


Ki 


NE 


On NGATON OO Owe tm 


0.90 


14 
13 


and 
h2 


wk. canh 
O mm MN C & O15 4.0 OO a 





1.4 16 18 20 06 08 1.0 


weakest portion of the sclera, bulges 
posteriorly. ® Thinning and posterior 
displacement of the lamina cribrosa 
may become permanent, as evidenced 
by histopathologic examination.” Sec- 
ondary axonal damage and ganglion 
cell death ensues. 

Our results indicate that normoten- 
sive blacks have a larger cup-to-disc 
ratio and disc area than age-matched 
whites. A larger disc area (ie, area of 
the lamina cribrosa) would presum- 
ably increase susceptibility to pres- 
sure-induced axonal damage. A num- 
ber of other factors may be present 
and/or interact to produce a greater 
susceptibility to glaucomatous dam- 
age in the optic discs of black patients. 
Differences in scleral rigidity or even 
the macromolecular composition of 
the scleral connective tissue between 
blacks and whites may exist. Some 
preliminary evidence suggests that 
there are differences between blacks 
and whites in the composition of the 
extracellular matrix of the optic nerve 
head (A. H. Neufeld, PhD, oral com- 
munication, Feb 1, 1989). These fac- 
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1.2 
Frequency histograms of values of optic nerve head parameters between blacks (closed bars) and whites 


(hatched bars). Top left, Cup-to-disc ratio. Top right, Optic disc area (square millimeters). Bottom left, Optic 
cup volume (cubic millimeters). Bottom right, Disc rim area (square millimeters). 
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tors would influence the coefficient of 
distensibility of a particular lamina 
cribrosa, a function that is indepen- 
dent of the disc area. It is also possible 
that the vasculature of a larger optic 
disc is more susceptible to variations 
of intraocular pressure. 

The black subjects in this study had 
a slightly, but not significantly, small- 


er DRA than the white subjects. Cap-. 


rioli and Miller? have reported the 
DRA to increase slightly with increas- 
ing disc area in normal subjects. To 
our knowledge, racial differences in 
the mean numbers of ganglion cells in 
normal retinas have not been re- 
ported. Conceivably, fewer ganglion 
cells, partieularly those of a large- 


.40 2.70 3.00 3.30 3.60 








fiber diameter, might be a predispos- . 


ing factor in the development of glau- E 


comatous damage. 


We conclude that a S | 


larger optie dise may underlie the 
greater susceptibility of blacks to 
glaucomatous damage than whites at 
any given level of intraocular pres- 


tory factors are routinely present, 
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sure. A larger disc, unless compensa- ` 















Doku ge pressure, aud disc 
a—future studies can be designed 
neasure the value of k in different 
roups or populations. 

Analysis of data in future studies 
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ent that relate parameters of the optic | 
s d to susceptibility to glaucomatous 
. damage must take into account the 


fundamental differences in optic 
nerve head parameters between 
blacks and whites. Caprioli and Mil- 
ler? have reported that a prediction 
interval can be used to establish, with 
95% confidence, whether the DRA for 
a given size optic disc lies within a 
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uantitating the Superior Visual Field Loss 
Associated With Ptosis 


Dale R. Meyer, MD; John V. Linberg, MD; Stephen R. Powell, MD; 


|. J. Vernon Odom, PhD 


€ The effect of blepharoptosis on the 
superior visual field was assessed using a 
series of specially designed contact 
. lenses to simulate ptosis in normal sub- 
~ jects. We found a progressive decrease in 
5 the superior visual field at the 90° vertical 
| meridian, which was proportional to the 
degree of simulated ptosis. Our results 
“were in close agreement with both a 
theoretical model and previous clinical 
observations. These results are important 
J in evaluating patients contemplating pto- 
sis surgery, as well as in visual field 
testing for neuro-ophthalmic disorders. 
. (Arch Ophthalmol. 1989;107:840-843) 


Poen is generally known 
_' to cause impairment of the superi- 
-or visual field (SVF). However, most 
-discussions refer only qualitatively to 
these effects. ^ Few studies have 
examined the relationship between 
the degree of blepharoptosis and the 
-amount of visual field loss.’ 

-. Understanding this effect is impor- 
-tant for evaluating the visual handi- 
cap associated with ptosis’ and deter- 
“mining the indications for surgical 
-ptosis repair. Our study was under- 
taken to quantitate the SVF loss asso- 
‘ciated with i increasing degrees of sim- 
lated ptosis in normal volunteers. 
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SUBJECTS AND METHODS 


Ten healthy adult volunteers (aged 25 to 
4l years) were recruited according to 
guidelines of the institutional review board 
at West Virginia University, Morgantown. 
All volunteers had 20/20 uncorrected 
visual acuity, a normal ophthalmic exami- 
nation result, and no history of ocular 
disease or strabismus. 

To simulate the optical effects of ptosis, 
we used a series of four soft contact lenses 
(CLs; provided by Narcissis, Daly City, 
Calif) in which the superior portion of each 
lens was rendered opaque. A sharp hori- 
zontal border, which separated the upper 
opaque portion from the lower clear por- 
tion of each lens, was 1 mm higher in each 
successive lens (Fig 1). The lenses were of 


large diameter and ballasted to minimize 
vertical and rotational movement. When 
the lens was placed on the eye, the opaque 
border simulated the position of the lid 
margin for increasing levels of ptosis. The 
distance from the corneal reflex to the 
opaque border could then be measured. 


This measurement corresponds to the « 


marginal reflex distance proposed by 
Putterman and Urist? for assessing upper 
lid position in relation to the visual axis in 
clinieal cases of ptosis (Fig 2). 

Each subject underwent visual field test- 
ing wearing each CL. After the CL was 
placed in the subject's eye, 15 minutes was 
allowed for acclimation, and the position of 
the CL was checked. Kinetic Goldmann 
perimetry was then performed by the same 
technician using standardized illumination 


Fig 1.—Contact lenses (CLs) used to simulate optical effects of ptosis. The level of the opacified 
CL border increases by 1-mm increments for each successive lens. 
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Fig 2.— Margin reflex distance. The distance from the corneal reflex to the opaque border of the 
contact lens corresponds to similar measurement for a ptotic eyelid. 








Fig 3.—Representative Goldmann visual field. A Il-3-e test object was used to plot one entire 
peripheral isopter kinetically, and 10 repeated measurements were made at the superior 90° 
meridian. 


Fig 4.—Representative photograph taken after each simulated-ptosis visual field trial. Vertical 
rule along headrest was used to measure the distance between opaque contact lens border and 
the corneal reflex (margin reflex distance). 
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Table 1.—Position of Opaque Border- 
for Each Contact Lens (CL) 









Simulated 
Ptosis 






—0.5 to 0.0 
+0.5 to 1.0 
CL 3 1.5 to 2.0 
2.5 to 3.0 


*MRD indicates margin reflex distance, the dis- 
tance from the opaque border to the corneal 
reflex. 


and technique. The II-3-e test object was 
used to plot one entire peripheral isopter, 
and then a total of 10 repeated measure- 
ments were made at the superior 90? verti- 
cal meridian (Fig 3). Contact lens position 
and central fixation were continuously 
monitored through the Goldmann observer 
telescope during testing. 

Following visual field testing, 10 full- 
face photographs were taken with the sub- 
ject’s head immobilized by a chin and 
forehead bar identical to that used on the 
Goldmann perimeter and under similar 
conditions of illumination. A vertical milli- 
meter rule was placed beside the headrest 
in a plane parallel ot the anterior corneal 
surface. The photographs were used to 
document the position of the opaque con- 
tact lens border in relation to the central 
corneal reflex (Fig 4). The entire procedure 
was repeated for each of the four CLs on all 
10 subjects. 

Pupil size was measured on each subject 
during visual field testing using the reti- 
cule within the Goldmann telescope. All 
subjects had pupil diameters of 3 mm or 
greater (mean + SD, 4.3 + 1.25 mm). 


RESULTS 


Individual CL position varied 
slightly but was within a 0.5-mm 
range for each CL, as shown in Table 
1. The mean height of the SVF for 
each subject (based on 10 measure- 
ments at the 90? meridian) under each 
of the simulated-ptosis CL conditions 
is given in Table 2. The SD was less 
than 1.5? for each mean, indicating 
consistent results in each test situa- 
tion. The grand mean (all subjects) 
height of the SVF, along with SE for 
each simulated-ptosis CL condition, is 
given at the bottom of Table 2 and 
presented graphically in Fig 5. 

The results show a progressive, 
nearly linear decrease in the height of 
the SVF that is proportional to the 
degree of simulated ptosis. An analy- 
sis of variance of repeated measures 
was performed using each subject's 
mean SVF for each simulated-ptosis 
CL condition. The difference among 
the groups was found to be statistical- 
ly significant (F = 380.7, df= 3,27, 
P < .0001). Using a post hoc (two- 
tailed) t test,’ the differences between 
the SVF grand means for each simu- 
lated-ptosis condition were found to 
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19.9 + 1.8 





... All subjects 






."simulated-ptosis contact lens (CL) condition. 
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be. statistically significant in all cases 
-(eritical difference, 2.09; t= 3.69, 
-P < 001). 


COMMENT 


-It is widely accepted that blepha- 
roptosis may produce visual field 
ipairment. Manuals on perimetry,'” 
jphthalmology textbooks, and oculo- 
plastics. textbooks‘ all allude to a 
ecrease in the SVF. However, discus- 
ion of the effect is usually limited to 
ndividual cases, generally with the 
‘ecommendation that the effects of 
-ptosis on the visual field can be elimi- 
ited by manual elevation of the ptot- 
c lid. This paucity of clinical data 
ay partly reflect difficulties inher- 
nel testing of Posee with 












B The at escribed | in our 
'study allows for the stable simulation 
of varying degrees. of ptosis in the 
same subject under standardized con- 
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Lr : ‘Each value represents the mean of 10 measurements at the 90° meridian on each subject, expressed in 
. degrees: (SD, <1.5°, all trials). Values at bottom represent grand means (+SE, all subjects) for each 
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(+0.5 to +1.0) (+1.5 to +2.0) (42.5 to +3.0) 


Contact Lens 
Margin Reflex Distance, mm 


5 5.— Plot of mean superior visual field for each simulated-ptosis contact lens condition. 
al bars around each mean represent SE. 


ditions. We were able to document the 
corresponding loss of SVF associated 
with increasing degrees of ptosis. In 
the clinical range of ptosis tested, this 
relationship was nearly linear. The 
mean SVF for all subjects at the 90° 
meridian decreased from 44.2° to 
19.9°, corresponding to change in the 
marginal reflex distance from a range 
of 2.5 to 3.0 mm (CL 4) to a range of 
—0.5 to 0.0 mm (CL 1). Since there was 
a 1-mm incremental difference in the 
level of opacification for each succes- 
sive lens, this corresponds to a loss of 
approximately 8? of SVF for each 
additional millimeter of ptosis within 
the range tested in our study. 

More extreme amounts of ptosis 
were not tested. However, one would 
reasonably expect the SVF to decrease 
to 0 as total occlusion of the pupil is ap- 
proached. Testing the visual field with 
such extreme degrees of ptosis would 
be difficult, however, because central 
fixation is increasingly affected. 












Impairment, 
% 


MRD, SVF 
Height 












CL 1 —0.5 to 0.0 
Ct 2 0.5 to 1.0 
1.5 to 2.0 
2.5 to 3.0 


31.3? 40 
38.0? 31 













* Calculated as fractional percentage decrease ín 
superior visual field (SVF) using 55? as the normal 
SVF height at the 90° meridian for Goldmann ll-3-e 
test object. CL indicates contact lens; MRD, margin 
reflex distance. Mean SVF height values are from 
Table 2. 


We compared our results with a 
theoretical calculation of the effects 
of ptosis on the SVF published by 
Fisher.” Using a mathematical model 
based on Gullstrand's reduced sche- 
matic eye!" and assuming a pupil 
diameter of 2.75 mm, Fisher derived a 
linear function expressing the rela- 
tionship of lid position (from normal 
to total occlusion of the pupil) with 
the size of the SVF. While his sche- 
matic model neglects complex optical 
effects such as diffraction and 
changes in retinal illuminance,5 we 
did find a close agreement between 
the SVF predicted by Fisher and the 
SVF actually measured in our study, 
particularly in the range of ptosis ^ 
corresponding to marginal reflex dis- 
tances from +2.0 to —0.5 mm. The 
theoretical SVF calculated by Fisher 
for this range decreased from 44° to 
13°. 

We also compared our data with a 
recent clinical study by Cahill and 
associates® of superior visual field 
impairment in 14 patients with bleph- 
aroptosis. They performed Goldmann 
perimetry before and after manual 
elevation of the ptotic lid and reported 
their results as the “fractional 
decrease" of the peripheral isopter . 
along the superior vertical (90°) 4 
meridian, for various degrees of ptosis | 
(as assessed by marginal reflex dis- 
tance), to give a measure of SVF 
impairment. Unfortunately, they did 
not report the actual sizes of the 
visual fields in their study, nor was 
the same target stimulus used for all 
subjects. To compare our results with 
their study, we caleulated the frac- 
tional decrease in SVF for each of the 
four simulated-ptosis CL conditions, . 
using 55? as the size of the normal 
SVF (at the 90? meridian), for the 
Goldmann II-3-e test object? These 
values, expressed as the percentage of 
SVF impairment for, each Sonar " 
ptosis condition, are given in Table 3. 
Our experimental results are dim 
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2 number of reasons, inae 
lation of the potential benefit 
ptosis surgery. Restoration of 
sual field is one of the prime 
ations for surgical ptosis repair. 
tients or third-party insurers may 
easonably inquire as to the degree of 
isual field loss associated with pto- 
s, especially when they wish to 
determine whether a specific surgery 
* is for functional rather than cosmetic 
-. purposes. While adults might evaluate 
- the potential benefit of surgery by 
.. manually lifting their ptotic eyelid, 
-. the question is more difficult in cases 
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- of congenital ^ pedis In such situa- 


tions, parents are typically responsi- 
ble for the decision to operate, and it 
may be difficult or impossible to 
obtain an accurate visual field test 
result from a child. The data pre- 
sented herein should allow the oph- 
thalmologist to provide realistic 
information regarding the degree of 
visual field impairment associated 
with ptosis, as well as the potential 
for surgical improvement. 

These findings may also be valuable 
in visual field testing for glaucoma 
and other neuro-ophthalmic disor- 
ders, where a superior field depres- 
sion from ptosis might be misinter- 
preted as being due to optic nerve 
disease. For example, elderly pa- 
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Ten-Year $salusiion 


Uriel Ticho, MD, Ronit Nesher, MD 


e. Argon laser trabeculoplasty was 
evaluated in 134 eyes of 94 patients with 
glaucoma, over a follow-up period of 
three to ten years. Success was defined 
by the. patient having intraocular pres- 
sures. (IOPs) below 20 mm Hg under the 
prelaser medical regimen, or taking less 
medication, and having no evidence of 
_ progressive field loss. The overall suc- 
cess rate by three years was 70%; it 
decreased to 5596 after six years and 
remained at this level thereafter. Alto- 
gether, there were 26 eyes that had con- 
trolled glaucoma for six to ten years. The 
favorable factors for success were age 
over 60 years (82%), pseudoexfoliation 
: glaucoma (75%), and lower baseline IOPs 
.. 69.396). Argon laser trabeculoplasty was 
-found to be a useful means of treatment in 
_Jow tension glaucoma. 

; (Arch Ophthalmol 1989;107:844-846) 


ier the last ten years, argon laser 
trabeculoplasty (ALT)! has estab- 
hed its role in glaucoma therapy. It 
s used as an intermediate step before 
surgery when medical therapy is 
isufficient. Furthermore, some in- 
ators have even suggested using 
l'as a primary treatment modality 
patients with newly diagnosed open 





fa » the angle structures in 
> we have been able to 


from one to five years 
access rates varying from 


study to ‘evaluate the long-term effi- 
-cacy of ALT further in controlling the 
ntraocular pressure (IOP), prevent- 
ng field loss, and avoiding surgical 
-intervention over a three- to ten-year 
period. 


- PATIENTS AND METHODS 


Although we have utilized laser treat- 
"ment for glaucoma since 1975, this retro- 
“spective - ‘study reviews only patients 
reated between 1978 and 1985 by ALT as 

escribed by Wise. and Witter. One hun- 
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dred thirty-four eyes of 94 patients were 
included in the study: 46 (4996) were men 
and 48 (51%) were women. The mean age 
of the patients was 67.26 years, with a 
range from 45 to 88 years. Ninety-two eyes 
of 70 patients had primary open angle 
glaucoma, 16 bilateral eyes had pseudoex- 
foliation glaucoma, 16 bilateral eyes had 
low tension glaucoma, six bilateral eyes 
had aphakic glaucoma, and four bilateral 
eyes had pigment dispersion glaucoma. All 
patients had uncontrolled glaucoma with 
nerve damage while being maintained on 
medical therapy, but none of the eyes had 
undergone previous surgery. The mean 
number of antiglaucoma medications was 
3.2 per patient. Persistent IOPs over 20 
mm Hg while under tolerable medical 
treatment with evident glaucomatous 
damage were considered indication for 
ALT. 

Second eyes were treated in 72 patients, 
when the first eye demonstrated favorable 
response, at least two months following 
the initial laser treatment. Therefore, the 
second eye could not be used as a control in 
the study. 

The laser treatment was performed in a 
single session with 100 laser applications 
equally distributed to the mid-pigmented 
trabecular meshwork at 360? circumfer- 
ence. The argon laser (Coherent Radiation 
A900) values were as follows: spot size, 50 
um; power, around 1000 mW to achieve 
blanching or a gas bubble at the target; 
and duration, 0.1 s. Topical steroids were 
added to the prelaser medications for ten 
days following the laser treatment. 

The patients were followed up at short 
intervals during the early postlaser period, 
and at longer intervals thereafter. Two 
patients who died during the study period 
were recorded to their latest follow-up 
visit. 

Success following trabeculoplasty was 
defined by IOPs below 20 mm Hg while 
under the prelaser medical regimen or by 
the patient needing less medication and 
having no evidence of progressive field 
loss. Eyes that were considered failures 
were excluded from further follow-up. A 
paired ¢ test was used to evaluate prelaser 
and postlaser IOP for a given patient. 

The optic nerve status for each eye was 
documented by cup-dise ratios as observed 
by direct ophthalmoscopy. Fundus photog- 
raphy was not performed. Visual fields 
were plotted with either the Goldmann 
perimeter or the Humphrey field analyzer 
(Humphrey Instruments). Goldmann vi- 
sual field plotting was performed by the 
Armaly-Drance kinetic perimetry. The 
Humphrey automatic perimetry plotted 
threshold-related C-30-2 and nasal step 
programs. 


Characteristic glaucoma-induced field 
loss such as paracentral or arcuate defects 
were defined as a depth of 0.5 log units or 
more below the surrounding threshold. 
Isopter defects such as nasal step were 
recorded if more than 10° wide at two 
isopters at least. Those scotomas were 
explored in detail for their boundaries and 
quantified for depth and slope. Progressive 
field loss was defined as enlargement of an 
existing scotoma by over 10° wide (three 
additional missed points) and increase in 
depth by 0.5 log units at three adjacent 
points at least. All perimetric findings 
were confirmed on two occasions at least, 


and unrelated ocular diseases were ex- 
cluded. 


RESULTS 


Of the 118 eyes with hypertensive 
glaucoma, which have been evaluated 
as a separate group, success at three 
years following ALT was recorded in 


65 eyes of 48 patients. By the end of 
the first year the success rate was 


88%. It decreased by the second year 


to 77% and to 70% by the end of the - 


third year. The success continued to 
drop, and after six years it was 5595. 
It remained at about this level during 
the ten-year follow-up. Table 1 lists 
the number of patients followed up 
each year and the corresponding suc- 
cess rate. These findings are illus- 
trated in the Figure. 


All patients were under continuous . 


medical treatment, averaging 3.3 
medications per patient, similar to the 
prelaser regimen. The mean IOP val- 
ues and their decrease in those eyes 
remaining successful throughout the 
study period are summarized in Ta- 
ble 2. 

As shown in this table, mean IOP 
values after each year were signifi- 
cantly reduced (P « .05) from the ini- 
tial, prelaser values. The mean 
decrease ranged between 9.2 and 6.0 
mm Hg (32.8% to 23.4% ). It is obvious 
from the table that with longer fol- 
low-up, the IOP values gradually 


increased. Thus, the mean change N 
decreased, for example, from 8.7 mm ` 


Hg at three years to 7.0 mm Hg at ten 
years. However, from the fifth year 
onward, the mean change remained 
stable, between 6 and 7 mm Hg in 
those 44 eyes that were successful 


eyes (22% of the total 118 study eyes) 


Laser Trabeculoplasty— Ticho | & Nesher A 


thereafter. Altogether, there were 26 — 











No. (?6) 












Follow-up, No. of Eyes Successful 
oe Followed Up Eyes 
1 118 104 (88.14) 
2 118 91 (77.12) 
3 92 65 (70.65) 
4 92 60 (65.22) 
5 73 44 (60.27) 
6 47 26 (55.32) 
7 40 22 (55.0) 
8 32 18 (56.25) 
9 12 (57.14) 
10 8 (57.14) 


*Success is defined as eyes with intraocular 
pressures below 20 mm Hg under prelaser medical 
regimen, or need of less medication, and no evi- 
dence of progressive field loss. 





- in 15 patients that were considered 
“successful for six to ten years. These 
> patients were in the older age group of 
- 65 to 80 years, and the IOPs were 
found to be controlled for the long 
. term. 
—  AÀ few factors such as age, diagno- 
~ sis, and initial IOP have been corre- 
lated to the success rate. These data 
are summarized in Table 3. 
| Evaluation of age in relation to the 
. success rate reveals that most suc- 
(cesses, in general, were in patients 
60 years of age (82%), whereas 
term success occurred even in 
older patients. Evaluating the various 
diagnoses of glaucoma, it appears that 
the most favorable diagnosis for ALT 
-— was pseudoexfoliation (75% success), 
whereas open angle glaucoma and pig- 
ment dispersion showed considerably 
lower rates of success (54.395). Low 
initial IOP values of 20 to 25 mm Hg 
were found to have an increased suc- 
- cess rate (69.3%) as compared with 
^. higher baseline values (15%). 
^. Except for the duration factor, oth- 
er findings were not statistically sig- 
ificant (P > .05). Therefore, it may 
be concluded that old age, low initial 
OP, and pseudoexfoliation glaucoma 
are favorable variables for success 
following ALT. Failures, as defined 
earlier, were recorded in 56 eyes 
(47%), of these, 44 eyes (87.3%) 
^c o underwent trabeculectomy surgery 
. during the study period. The remain- 
ing 12 failed eyes could not be oper- 
ated on due to general medical consid- 
- erations. The mean age at failure was 
4". 61.2 years, and most of the younger 
. . fases were included in the failure 
group. 
e low-tension glaucoma group 
ted of 16 eyes of eight patients 
nitial IOP of 20 mm Hg or 
ou  antiglaucoma medica- 

























































Success Rate, % 


IOP, 


* OP. indicates intraocular pressure. 


tion. Three of those patients had pre- 
viously hypertensive glaucoma and 
were at terminal stages, whereas the 
other five were known to have initial- 
ly low IOP levels. The age of this 
group ranged from 32 to 76 years, with 
a mean of 62.5 years. All eyes had 
extensive field loss, with cup-disc 
ratios of 0.6 to 0.9. The patients were 
followed up for three to seven years 
after laser treatment. The results of 
this group are summarized in Ta- 
ble 4. 

As shown in this table, ALT suc- 
ceeded in reducing the IOP in all of 
the 16 treated eyes. However, three 
eyes had progressive visual field loss 
in spite of the low IOP values and 
were recorded as failures. The IOP 
reduction ranged from 2.2 to 9.9 mm 
Hg (14% to 55%), with an average 
decrease of 34.4%. This change did not 
vary significantly during the long- 
term follow-up. 


COMMENT 


This study again demonstrates the 
benefit and efficacy of ALT as an 
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»30 10 153. 
65/118 0 
* IOP. indicates intraocular pressure. _ 


tP < .05. 
FP > .05. 
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ure rate was even lower (11% in the 
“second year to 5% in the sixth year) 
than other reported failure rates of 
15% per year." In longer follow-up, 
there was no increase in failure rate; 
` thus, in 26 eyes of 15 cases, glaucoma 
was arrested for six to ten years. 
Glaucoma is known to be progressive 
with time; however, ALT seems to 
-have controlled the disease from pro- 
“gression in those patients. In our 
study, age was found to be an impor- 
tant variable in the success rate of 
ALT, and the favorable group started 
at age 60 years and older. Long-term 
.eontrolled glaucoma, for six to ten 
. years, even started at age 65 years or 
older. This confirms that ALT can 
defer. surgery for the remaining life 
- span in elderly patients." 

In this study, ALT was performed 
Dy 100 spots through 360? circumfer- 
ence at one session. There have been 
reports suggesting two sessions of 
.180? each," and even 90° ALT has 
^ been proposed. On the other hand, 
Wise? has calculated that two ses- 
gions are not additive compared with 
full treatment at a single session. 
-Since those approaches are contradic- 
tory, it appears that the final decision 
.€an best be resolved by a randomized 
.prospective study, as is being con- 
ducted by the National Institutes of 
Health at present. 

— The correlation of success rate with 
-glaucoma diagnosis was found to be 
similar to previous reports?" Al- 

ough the various groups were rela- 
ely small for statistical analysis, 

1 je. most favorable responses were in 





Initial IOP, Final IOP, Decrease 
. Patient Follow-up, mm Hg mm Hg ——ÓM——M 
No./Age, y (Mean + SD) (Mean + SD) mm Hg 


tHad progressive damage in spite of reduced IOP, P = .0001. 
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cases diagnosed as pseudoexfoliation 
glaucoma and open angle glaucoma; 
these patients had reasonable success 
rates similar to those reported else- 
where.?! 

Another favorable factor in this 
study was the low initial IOP. This is 
in contradiction to other investiga- 
tors, who reported an increased suc- 
cess rate with higher baseline IOP 
values.?/? 

In our study, 72 patients of the 94 
underwent bilateral treatment. It is 
noteworthy that treating both eyes 
introduces some bias to the study. 
However, in patients who benefited 
from laser trabeculoplasty on one eye, 
treating the second eye could not be 
avoided. 

Low tension glaucoma occurs in a 
very limited group manifesting low 
baseline IOP values. These eyes are 
usually diagnosed late, after severe 
damage is present.’ Surgery is a 
potential means to reduce the IOP; 
however, it has its own drawbacks. 
Therefore, ALT might be an alterna- 
tive solution to further reduce the 
IOPs with minimal risk. Although our 
group is small, the results demon- 
strate that ALT succeeded in reducing 
the pressures by 14% to 55% (aver- 
age, 34.4% ). Previous communications 
concerning ALT being performed in 
small groups of patients with low 
tension glaucoma showed a similar 
drop of IOP around 25% and arrested 


visual field deterioration in 7396." 


Therefore, it seems that ALT is a 
useful tool for treating low tension 
glaucoma. 
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The Grading and Prevalence of Macular Degeneration | 









D € A new grading scheme was devel- 
i n oped to classify the fundus features of 
|. macular degeneration. This scheme iden- 
oe tifies. the earliest fundus changes associ- 
ated with macular degeneration, as well 
as specific drusen characteristics felt to 
. be associated with an increased risk of 
. developing the exudative forms of this 
sease. Agreement between two graders 
-this scheme indicated good in- 
€ rver reliability. Using this scheme, 
ndus photographs of 777 participants 
r graded in a population-based study 
termen from the eastern shore of 
Ma yland. The prevalence of at least one 
= ruse. within 1500 um of the foveal center 
Wii was: extremely common (over 8096 in each 
^.' age group over 30 years of age) and not 
=. age related. The prevalence of large, con- 
^... fluent, or soft drusen was relatively 
uncommon and was age related; by the 
-eighth decade, 26% of all participants had 
large or soft drusen, and 17% of them had 
influent drusen. These latter character- 
are more likely to be markers of 
changes consistent with age-related 
ar degeneration rather than simply 
presence of a few drusen. 
(Arch Ophthalmol 1989;107:847-852) 
























'ven though age-related macular 
4-4 degeneration (AMD) is the lead- 
—.- ing cause of irreversible severe visual 
-.' less among adults in the United 
— States, relatively little information is 

available on the prevalence of this 
rd Previous studies have 
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. in Chesapeake Bay Watermen 


- Neil M. Bressler, MD; Susan B. Bressler, MD; Sheila K. West, PhD; Stuart L. Fine, MD; Hugh R. Taylor, MD 


reserved the term macular degenera- 
tion to deseribe people who have cer- 


tain clinical features (drusen, atrophy 


of the retinal pigment epithelium 
[RPE]), and/or changes associated 
with choroidal  neovascularization 





See also p 875. 





(such as disciform scarring), and some 
degree of visual loss’? However, to 
investigate potential risk factors or 
early therapeutic interventions for 
AMD, it may be of importance to 
evaluate cases of disease in as early a 
stage as possible; such a stage may 
occur in a visually asymptomatic indi- 
vidual. 

The purpose of this study was two- 
fold: first, to devise a grading scheme 
that would include the earliest fundus 
changes associated with macular 
degeneration,’ as well as the drusen 
characteristics felt to be associated 
with an increased risk of developing 
the exudative, more-severely vision- 
impairing forms of this disease**; sec- 
ond, to use this system to determine 
the prevalence of fundus changes 
associated with AMD in a population- 
based study conducted on residents of 
the eastern shore of Maryland? An 
earlier, less-sophisticated grading 
scheme, used to evaluate fundus pho- 
tographs of patients in a general oph- 
thalmology service and a retina spe- 
cialty service, was revised to apply it 
to this population-based study. 


METHODS 
Population 


A survey to identify risk factors for 
cataracts and maculopathy was conducted - 


amorig the watermen residing in Somerset 






























County, Maryland, and lower: De 
County, Maryland. Details of this 
have been described elsewhere 
1203 men, aged 30 years and 
eligible, and 838 of them partielp 
response rate of 70%. A fundu 
was placed at a central assesst 
where all but 27 subjects were ex 
These 27 participants were exam 
the home, where only interview and lir 
cal data could be obtained. At the cent 
examination site, all aie E 


Scone disease. At this Sue ste 
fundus photographs of both eyes: wer 
taken, using a fundus camera. e 
FET, Realist Ine, Menomonee Falls, Wi 
and ASA 25 film (Kodachrome, Fen 
Kodak Co, Rochester, NY). = > 
Of the 838 men who participa: 
(9395) had fundus photographs of adequate 
or fair quality in at least one eye. Fifty 
participants (7% ) did not have fundus 1 
tographs for a variety of reasons, anc 
additional five participants («195). 
fundus photographs of inadequate quali 
in both eyes. x 





Fundus Photography Grading | 


All photographs were graded inden 
dently by two readers (N.M.B. an 
on a portable fluorescent light tab 
a stereo viewer (Donaldson, Georg Da 
Holbrook, Mass) with approxima 
magnification. A slide with a tem 
defined circles with a 1500-um radi i 
3000-um radius was centered over t 
fovea of one of the stereo fundus phot 
graphs. Discordant gradings were o 
stings tes it the two gran FS. 








Fig 2. — Standard used for determining extent of confluence of drusen. 
If confluent drusen were present, extent was either less than, or equal 
to or greater than extent of confluence shown. 


Fig 1.— Standard used for determining presence or absence of drusen. 
When counting drusen, we count those that are at least as large and 
apparent as druse indicated by arrow. 





Fig 3.— Standard used for determining presence of focal hyperpigmen- 
tation of retinal pigment epithelium (RPE). Photograph represents 
minimal amount of hyperpigmentation of RPE (arrow). Hyperpigmenta- 
tion of RPE was graded as present only when its appearance was equal 


to or greater than that shown. 


if no macular characteristics could be 
graded. 

Exudative Disease.— Photographs were 
initially evaluated for the presence or 
absence of exudative disease, ie, disciform 
scarring, subretinal blood, subretinal fluid, 
subretinal lipid, and/or detachments of the 
RPE (serous or hemorrhagic). If any man- 
ifestation of  exudative disease was 
present, no drusen characteristics were 
graded, since drusen may be markedly 
altered and/or obscured by the presence of 
exudative disease. 

Number of Drusen.—An evaluation was 
made of the number of drusen within 1500 
um of the foveal center and between 1500 
and 3000 um from the foveal center. Within 
1500 um of the foveal center, the number of 
drusen that were at least as apparent as 
the druse shown in Fig 1 were counted. If 
more than 20 drusen were noted, no 
attempt was made to determine the exact 
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shown. 


number. Subsequently, drusen within 1500 
um of the foveal center were categorized as 
0, 1 to 4, 5 to 19, or 20 or more drusen. 
Between 1500 and 3000 um from the foveal 
center, the number of drusen that were at 
least as apparent as the druse in Fig 1 were 
counted. If more than ten drusen were 
noted, no attempt was made to determine 
the exact number. Subsequently, drusen in 
this outer region were categorized as 0, 1 to 
9, or 10 or more drusen. 

Drusen Characteristics.—The presence or 
absence of several macular characteristics 
felt to be associated with an increased risk 
of developing the blinding complications of 
choroidal neovascularization** was deter- 
mined. These high-risk characteristics in- 
cluded the presence of large drusen, conflu- 
ent drusen, soft drusen, and focal hyper- 
pigmentation within 1500 um of the foveal 
center. 

Size was graded by determining whether 


Fig 4.— Standard used for determining preserfce of geographic atrophy 
of retinal pigment epithelium. Photograph represents minimal amount of 
geographic atrophy (arrow). Geographic atrophy was graded as 
present only when its appearance was equal to or greater than that 


any drusen were greater than a 50-um 


L. 2 


circle. Confluence was graded as present if 4. 


two drusen borders merged into one anoth- 
er. If confluence was present, the severity 
of confluence was either less than, or equal 
to or greater than a standard photograph 
(Fig 2) that represented approximately ten 
pairs of drusen borders that merged into 
one another. The morphologic features of 
the drusen were then determined using the 
definition that drusen with discrete, sharp, 
well-defined borders were hard, and that 
drusen with amorphous, ill-defined bor- 
ders were soft. Focal hyperpigmentation 
associated with drusen was either absent 
or present, and, if present, was either less 
than or greater than a standard photo- 
graph that was chosen to demonstrate a 
minimal but definite amount of hyperpig- 
mentation (Fig 3). 

Atrophy of the RPE.—The presence of 
geographic atrophy was defined as an area 
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> whie the ‘overlying retina appeared thin. 
If geographic atrophy was present, the 
— area of involvement was compared with a 
^. standard photograph of geographic atro- 
phy (Fig 4), demonstrating an area of 
eographie atrophy in which the greatest 
diameter was 700 um and graded as less 
than, or equal to or greater than the stan- 
-. dard. Nongeographie atrophy was identi- 
=<- fied as being present if a poorly demar- 
cated, depigmented RPE with overlying 
thinning of the retina was noted. These 
areas were usually interspersed with punc- 
tate areas of hyperpigmentation. Other 
retinal diseases such as choroidal nevi, 
microaneurysms, and epiretinal mem- 
branes were also recorded. 









Analysis 


If the photographic quality of each eye of 
5. Our subjects was graded as good, then they 
& were categorized according to the finding 
in their more severely affected eye for each 
individual fundus characteristic. Similar- 
ly, if each eye had fair-quality photo- 
graphs, then the more severely affected 
eye was used in the analysis. Among the 
individuals who had good-quality photo- 
—.* graphs of one eye only, the characteristics 
.. of that particular eye were used in the 
^ analysis, omitting the gradings of the fel- 
low eye that had inferior photographic 
quality. 
The « statistic was used to assess the 
degree of interobserver reliability in grad- 
ing fundus photographs of patients using 
"this new classification scheme." A weight- 
ed x statistic was used for the assessment 
of the number of drusen, with arbitrary 
^ weights of 0.75, 0.50, 0.25, and 0. 










= Defining Different Grades of Macular 
Degeneration 


Different grades of macular degenera- 
tion were developed, depending on the 
severity of macular changes in the eye. 
Specifically, grade 4 referred to eyes with 
geographie atrophy of the RPE or exuda- 
tive changes (eg, choroidal neovasculariza- 
tion, detachments of the RPE, and disci- 

<o form scarring). Grade 4 represented the 
. most severe category, fundus changes that 
almost always led to visual loss. Grade 3 
referred to eyes with grade 4, or eyes with 
large or eonfluent drusen, or eyes with 
ocal hyperpigmentation of the RPE. 
Grade 2 referred to eyes with grade 4 or 
- grade 3, or eyes with many small drusen 
(2:20) within 1500 um of the foveal center. 
Grade 1 referred to eyes with grade 4, 
grade 3, or grade 2, or eyes with at least 
five small drusen within 1500 um of the 
foveal center or at least ten small drusen 
between 1500 and 3000 um from the foveal 
center. Thus, grades 1 through 3 repre- 
sented progressively increasing grades of 
fundus changes that are associated with 
macular degeneration. 





















RESULTS 
i bility to Grade Fundus Photographs 


he fundus. photographs: of most 
pants. under 80 years. of. age 
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No. (?6) 
of Subjects 


Age, y With Photographs 
«50 340 (43) 
50-59 158 (20) 
60-69 163 (21) 
70-79 96 (12) 

80+ 25 (3) 


782 (100) 











Characteristic Agreement] 
No. of drusen 44/65 (68) 
Large drusen 50/65 (77) 
Confluent drusen— 57/65 (88) 
Soft drusen 57/65 (88) 
Focai 
hyperpigmentation 54/65 (83) 
Geographic atrophy 52/52 (100) 


Nongeographic atrophy 47/50 (94) 





* intraobserver xs were based on 44 selected cases from the population. 
[Values are number of photographs in which characteristic was detected/total number of ! Photograph 


(percent). 


+Only two subjects were identified as having focal hyperpigmentation by reader 1 in the 44 selected cases. 
for intraobserver reliability during the first grading, and only one subject during the second grading. 


No. (%) 
of Subjects 









«50 340 (45) 
. 50-59 158 (21) 
60-69 163 (22) 
70-79 94 (12) 


755 (100) 


were gradable for all macular signs in 
at least one eye. Of 782 participants 
who were photographed, 751 (96%) 
could be graded for all macular find- 
ings in at least one eye. Only five 
subjects (<1%) had poor photograph- 
ie quality bilaterally, which prevented 
grading of any macular signs in these 
subjeets. Cataractous lens changes 
accounted for the poor photographs in 
four of these subjects, whereas the 
fifth subject had extensive bilateral 
atrophy of the inner retina and RPE 
presumably related to trauma (Ta- 
ble 1). 


Reliability 
The interobserver reliability (Table 


2) was tested on 65 sets of photo- t: 
graphs and was found to be good" — 
(2:0. 65) for all macular characteris- 
tics except for focal hyperpigmenta-. 


tion. Intraobserver reliability was 


Adequate 


340 (100) o (0) 

156 (909 2 (1) 0 (0) 

157 (96) 6 (4) o( 
86 (9) 8 (8) 2:2) 
12 (48) 10 (40) 3 (12 

751 (96) 26 (3) 





x Table 2. — Reliability i in Grading Macular Changes / 


interobserver Reliability 


p n 








of Subjects No. (%) 
With at Least of Subjects ae a 
One Druse With =20 Drusen f 
286 (84) 20 (6) 
141 (89) 24 (15) 
142 (87) 21 (13). 
79 (84) 15 (16) 





Gradability, ! No. (96) of Subject 








Fair 


intraobserver k 





















: e 
(Weighted) Reader 1 Reader 2. z 
073  — 0.62 065 
0.71 0.66 063  . 
0.66 0.73 054 | 
0.66 0.76 O43 0° 
0.43 n 0:51- 7. 
1.00 1.00 100 .— 


0.62 


.. Table 3.—Age-Specific Prevalence of Drusen Wit 








No. (96) 































648 (86) 80 (11) 


measured on 44 selected cases that 
were regraded by each reader and was. 
similar to the interobserver data ue 
ble 2). 


Number of Drusen 


The prevalence of at least one druse 
within 1500 um of the foveal center 
was quite common in this population, 
ranging from 84% to 89%, regardles 
of age. The prevalence of 20 or more. 
drusen in this central zone was les 
frequent in each age group, consisting. 
of 6% of participants under 50 years 
of age, and then consistently present 
in around 1546 of all age groups over 
age 50 years (Table 3). | | 
In „general, the presence of any 

in the giu aes could be 


On ae i the i inner iede oe 
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No. (%) of Subjects 

tuum MM ECCE M MM ER E enna 
Confluent 

Drusen 













No. (%) 
of Subjects 


340 (45) 
158 (21) 
163 (22) 






Large Drusen Soft Drusen 





























21 (13) 
24 (26) 


21 (13) 






16 (17) 





755 (100) 


No. (%) of Subjects 
qM iii attire N eratis rta HTTP ann 



























No. (96) Geographic Nongeographic Hyperpiastic 
Age, y of Subjects Atrophy Atrophy RPE 
50 340 (45) 






158 (21) 

163 (22) 
94 (12) 

755 (100) 


0 (0) 14 (9) 
0 (0) 16 (10) 
3 (3) 11 (12) 













% Prevalence 






50-59 
(n = 158) 


60-69 
(n = 163) 
Age. y 


70-79 
(n = 94) 


80+ 


(n = 340) (n = 22) 
















ge-specific prevalence of age-related macular degeneration (AMD) by different grades 
4). AMD 4 includes cases with macular findings associated with visual loss, ie, 
trophy of the retinal pigment epithelium (RPE) and/or exudative changes (eg, 

ascularization or disciform scarring); AMD 3, cases with AMD 4 or cases with 
hanges associated with increased risk of developing visual loss, such as large drusen, 
drusen, or focal hyperpigmentation of the RPE; AMD 2, cases with AMD 4 or AMD 3 or 
| ast 20 drusen within 1500 um of foveal center; and AMD 1, cases with AMD 4, 
D 2, or cases with at least five drusen within 1500 jm of foveal center, or ten drusen 
) and 3000 um of foveal center. 





V aubioels had drusen High-Risk Drusen Characteristics 


500 and 3000 um of the 

. Thus, if only the central 
zone had been examined, 30 (4%) of 
Tii participants would have been 
-inappropriately classified as not dem- 
. onstrating drusen. 


The prevalence of large, or conflu- 
ent, or soft drusen among participants 
increased with age and approximately 
doubled with each successive decade 
over 50 years of age (Table 4). Fur- 
thermore, the percentage of cases 
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-with la a 
percentage of cases with soft drusen, - 





because their characteristies tended 
to occur simultaneously. In fact, only 
two subjects were identified with 
large drusen in the absence of soft 


drusen, and in only two other subjects - 


were soft drusen identified in the 
absence of large drusen. Apparently, 
whenever large drusen were present, 
it was likely that drusen with amor- 
phous, ill-defined borders also would 
be identified. 


Geographic Atrophy, Nongeographic 
Atrophy, and Hyperpigmentation of the 
RPE 


There were no cases of geographic 
atrophy before age 70 years; three 
cases in 94 subjects (3%) were found 
in subjects in the eighth decade. The 
prevalence of nongeographic atrophy 
increased slightly with age. The num- 
ber of cases of focal hyperpigmenta- 
tion was very small (<3% of the pop- 
ulation) (Table 5). 


Exudative Disease 


Only four (0.5%) of the 777 eligible 
photographed participants had devel- 
oped exudative disease. One of these 
patients had bilateral exudative dis- 
ease; therefore, a total of five eyes had 
exudative disease in this study. 


Age-Specific Prevalence of Macular 
Changes Graded by Severity of Changes 


Incorporating these findings into 
the grading scheme outlined in the 
“Methods” section, the prevalence of 
AMD grades 1, 2, 3, and 4 for the 777 
eligible photographed participants 
was 214 (27.5%), 149 (19.2%), 97 
(12.5%), and 10 (1.8%), respectively. 
For the 437 eligible photographed par- 
tieipants who were 50 years of age or 
older, the prevalence of AMD 1, 2, 3, 
and 4 was 153 (35.0% ), 109 (24.9%), 72 
(16.5%), and 8 (1.8%), respectively. 
Finally, for the 116 eligible photo- 
graphed participants who were 70 
years of age or older, the prevalence of 
AMD 1, 2, 3, and 4 was 53 (45.7%), 43 
(837.1%), 37 (82%), and 7 (6.0%), 
respectively. 

The age-specific prevalence of each 
of these grades is shown in Fig 5. Of 
note, grade 3 (the prevalence of exuda- 
tive disease, geographic atrophy, or 
drusen characteristics felt to be asso- 
ciated with an increased risk of devel- 
oping exudative disease) did not 
increase much until the seventh 
decade, at which point the prevalence 
approximately doubled with each 


decade. Grades 2 and 1 were age- 


related, although the prevalence, after 
the sixth decade, did not continue to 
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data s concerning the prevalence of 
-. grade 4 in this study are difficult to 
interpret, since there were so few 

. -cases of geographic atrophy or exuda- 
tive disease i in this population. 


COMMENT 


a As part of a population-based study 
to determine the effect of sunlight 
—' exposure on senescent changes in the 
- eye, stereo color fundus photographs 
^. of adequate quality for grading were 
obtained on 777 participants.’ A new 
and reliable grading scheme of macu- 
lar changes associated with macular 
degeneration was developed to deter- 
mine the prevalence of these changes 
in this population-based study. 
^ The grading scheme devised uses 
« — stereo color fundus photographs rath- 
> er than clinical examinations to 
assess macular changes associated 
with AMD. Findings from the Fram- 
ingham Eye Study! influenced our 
decision to base our study on photo- 
graphie rather than clinical assess- 
ment. Data from the Framingham 
Eye Study documented poor reproduc- 
ibility for detecting early maeular 
changes by clinical examiners, as well 
as failures to clinically identify sub- 
-.. jects with macular changes docu- 
mented by fundus photography. For 
. example, among the participants who 
< received fundus photographs, drusen 
^ -were identified by photographie as- 
-.. sessment in 32% of the participants in 
— whom the clinical examination had 
noted no drusen.! 














Gradability of Fundus Photographs 


Any photographic grading scheme 
for macular degeneration must take 
into account the fact that this entity 
often occurs in the clinical setting of 
.. mild to moderate lens opacity. Using 

the current grading scheme, as shown 
1 Table 1, fundus photographs were 
adable on all eharacteristies in at 
: east one eye in almost all partici- 
pants under 80 years of age. Thus, the 
grading scheme can be used reliably 
=> for most participants through their 
>- eighth decade. 


Reliability of Grading Macular Changes 










The macular changes that were 
graded demonstrated good to excel- 
lent interobserver agreement, except 
for focal hyperpigmentation. Because 
there were so few cases of focal hyper- 

A pigmentation, it is difficult to deter- 

-mine why in this population the inter- 
Observer reliability for this finding 
as not high. Apparently, deter- 
ng whether hyperpigmentation 
s present or absent was not diffi- 
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ease as 'apidly as wade 3 3. The 


cult; however, discrepancies arose 
when determining whether this 
hyperpigmentation was associated 
with drusen. 

The Framingham Eye Study used 
categories of "number of drusen" of 1 
to 10, 11 to 99, and 100 or more.’ 
Preliminary studies! had suggested 
that determining the number of drus- 
en was very unreliable when over 20 
drusen were present,? and that cate- 
gories that subdivide number of drus- 
en over 20 may not be necessary. 
From the data in this report, it 
appears that categories above “20 or 
more drusen" are unlikely to be help- 
ful in population-based studies, as the 
prevalence of this particular finding 
is uncommon. 

In differentiating large drusen 
from small drusen, 50 um might 
appear to be at the "lower" end of a 
spectrum of large drusen; however, 
only 11% of our entire population 
with drusen had drusen equal to or 
greater than 50 um. Thus, this seem- 
ingly small value was appropriate for 
this population. 

It is possible that our minimal stan- 
dard of what we would grade as a 
druse (Fig 1) may miss more subtle 
drusen (either because of the clarity 
or resolution of the photograph). 
However, since our minimal standard 
for a druse was identified in approxi- 
mately 85% of the entire population 
over age 50 years, it is probable that 
even more subtle standards for drusen 
would be identified in almost every- 
one. 

One possible weakness of our sys- 
tem is that if large drusen are identi- 
fied in an eye, there is no easy way to 
determine whether small drusen are 
also present. However, since the pres- 
ence of small (hard) drusen on post- 
mortem examination was nearly ubiq- 
uitous," it is likely that most of our 
subjects with large drusen also had 
small drusen. We are currently inves- 
tigating this in another population- 
based study. 

Since the determination of exuda- 
tive disease was based on color photo- 
graphs, without concurrent fluoresce- 
in angiography, it is possible that 
subtle cases of occult neovasculariza- 
tion were not identified. Nevertheless, 
the prevalence of exudative disease in 
this population (0.5976) was similar to 
the prevalence of exudative disease in 
the Framingham Eye Study (0.696 ).' 


Prevalence of Macular Changes 
Associated With Macular Degeneration 


In this study, it was not surprising 
to find that approximately 85% of the 











































































entire population had: one o r 
drusen in the macular region, reg: 
less of age. Coffey and Brownste 
found drusen on postmortem exam 
nations of people 36 to 94 years of age 
to be nearly ubiquitous. Our clinical 
confirmation that at least one druse 
may be present in most of the general 
population, regardless of age, proba- 
bly indicates that a few small drusen, 
in the absence of other fund 
changes, are not indicative of a pa 
logic entity. More likely, the finding of 
a rare druse in the macula histologi- 
cally or clinically probably represen 
a dysfunction of one or two cells of 
RPE’ rather than a diffuse dysfun 
tion at the level of the RPE.” 

There were certain charactistiós 
of drusen that did appear to be age 
related, and were not ubiquitous, 
including the presence of large drus- 
en, confluent drusen, and soft dru 
en—features that have previously 
been termed high-risk charaeteris- 
tics.* The presence of these. drusen 
characteristies, rather than the pres- 
ence of one or two small, hard drusen, 
may indicate a pathologie state that 
should be considered in the spectrum 
of macular degeneration. Although 
the presence of these macular changes 
alone does not necessarily produce . 
visual loss, they have been associated . 
with eyes at risk for visual loss from 
choroidal neovascularization.** "o 

This study is not directly compar- - 
able with previous studies that looked 
at the prevalence of macular degener- 
ation in a population. In this study, all - 
participants underwent fundus pho- 
tography in an attempt to avoid 
underestimation of macular changes ` 
that can occur with clinical examina- - 
tion alone. The Framingham Eye ; 
Study investigators did not obtain 
fundus photographs on the en 
study group, and they used a diffe 
grading scheme.! Similarly 
available from the National 
and Nutrition Examinatio 
were based on fundus e 
done entirely by clinical ex 
As mentioned earlier, clinica 
nation alone is potentially un 
and is likely to underestim 
prevalence of drusen. F 
the population used in thi 
restrieted to men aged 30 ye 
older, holding watermen li 
the eastern shore of Mari 
ever, despite the selectio 
ulation on an occupatio 
age- -adjusted distribution. 
cities is similar to the reporte dist 
bution in the male population in the 
Framingham Eye Study." Further- 
more, there is no evidence to suggest 
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Degeneration : 


‘Since: there is no universally ac- 
epted definition of macular degener- 
tion, we have developed a grading 
cheme that associates specific macu- 
changes with various grades of 
egeneration. For example, 
ators prefer to reserve 
je-related or senile macular 
1 to describe people who 
us features such as those 
this study and some 
l loss. In general, cen- 





E 








n occurs following the 
exudative changes (eg, 
ovascularization or disci- 
ing) or geographic atrophy 
e REE. To this end, our grade 4, 


ERE Leibovitz H, Krueger DE, Maunder LR, et 
he Framingham Eye Study monograph: An 
phthalmologieal and epidemiological study of 
taract, glaucoma, diabetic retinopathy, macu- 
degeneration, ànd visual acuity in a general 

die DE 2631 e 1973-1975. Surv Oph- 





aS! r 
relüted. macular. induce. Surv ae almol 
1988:32:315-413. 
ass JDM: Drusen and disciform macular 
detachment and degeneration. Arch Ophthalmol 
1973:90: 206-217, 
: 5 Sarks SH: Drusen and their relationship to 
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the strictest. definition of macular t 
degeneration in this study, would only a 
include eyes with these changes. On 


the other hand, certain features of 
drusen, such as moderate or marked 
confluence, have been associated with 
eyes at increased risk of developing 
exudative changes and visual loss,“ 
even though these eyes may not have 
visual loss when patients initially 
present with only confluent drusen. 
To this end, grade 3 in this study 
included eyes with grade 4, or eyes 
with fundus features associated with 
an increased risk of developing the 
findings associated with grade 4. 
Finally, we cannot be sure, until addi- 
tional prospective studies on the natu- 
ral course of aging of the macula are 
completed, whether the presence of 
several small, central drusen is as- 
sociated with the eventual develop- 
ment of visual impairment. Thus, in 
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Using this a 
prevalence of each grade of macular 
degeneration is shown in Fig 5. Future 


studies examining risk factors associ- . 


ated with the development of macular 
degeneration can evaluate the associ- 
ation of potential risk factors with 
various grades of macular changes 
rather than try to evaluate these risk 


factors with one specific definition of 
macular degeneration. Until we learn 


which grades are associated with 
visual loss, either from atrophy or 
exudation, these different grades of 
macular degeneration may prove 
more useful than an arbitrary defini- 
tion of AMD. 
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l The Rate of Sulfur Hexafluoride Escape 


From a Plastic Syringe 


" Mark S. Humayun, MD; Julia Haller Yeo, MD; Walter S. Koski, PhD; Ronald G. Michels, MD 


17.9 Sulfur hexafluoride (SF,) gas is wide- 
^". fy used for internal tamponade during 
retinal reattachment surgery and is com- 
monly injected into the eye from a 10-mL 
. . plastic syringe. The rate of diffusion of 
SF, out of a plastic syringe has not been 
|. studied. We measured the percentage of 
. SF, gas in a 10-mL plastic syringe by gas 
chromatography, confirmed by infrared 
. spectrometry. Measurements were ob- 
-tained immediately after aspiration, and 
at 30 s and 10, 15, 60, 90, and 120 
minutes, and 18 hours. A marked 
decrease in SF, concentration, from 97% 
at 30 s to 76% at 60 minutes and 2% at 18 
l hours, was noted. The results were highly 
mE reproducible. Sulfur hexafluoride gas 
~ < should be injected into the patient's eye 
^... as soon as possible after aspiration from 
the tank to ensure accurate conceritra- 
tions. 
(Arch Ophthaimol 1989;107:853-854) 
















Quifur hexafluoride (SE), a long- 
V acting gas, has been used exten- 
y as an internal tamponade dur- 
retinal reattachment surgery to 
ensure temporary flattening of the 
na against the eyewall while a 
"€horioretinal adhesion forms around 
‘the retinal breaks.'^ This gas is used 
^ with increasing frequency in outpa- 
tient pneumatic retinopexy cases and 
< -during postoperative fluid-gas ex- 
.. €hange. The kinetics of SF, within the 
—. vitreous cavity have been well stud- 
3 a ied," but little is known about the 
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diffusion of SF, out of the syringe 
before intraocular injection. Substan- 
tial time may elapse while the gas is 
in the plastic syringe before being 
injected into the eye, and any reduc- 
tion in the concentration of gas in the 
syringe could be clinically significant. 
We investigated whether the concen- 
tration of SF, in a capped 10-mL plas- 
tic syringe changes with time. 


MATERIALS AND METHODS 


Sulfur hexafluoride gas was drawn from 
an instrument grade (99.99% SE,) gas 
tank. A plastic 10-mL syringe was flushed 
once with SF, and then filled with the gas. 
The syringe was immediately capped with 
its plastie eap, and the position of the 
piunger was recorded. The percentage of 
gases in the syringe (SF, and room air) was 
measured at 30 s (t,), ten minutes (t,,), 15 
minutes (tı), 60 minutes (te), 90 minutes 
(too), 120 minutes (tiw), and 18 hours after 
aspiration. 

Two samples for each interval were mea- 
sured using a thermal conductivity gas 
chromatograph. A 50-uL sample was 
injected into a 183-cm-diameter stainless- 
steel column filled with activated silica gel. 
Helium was used as the carrier gas. Coeffi- 
cient of variation for duplicated samples 
was less than 2% to 3%. Gas concentration 
present in the syringe was also measured 
by a Fourier transformed infrared spec- 
trometer and closely approximated gas 
chromatography values. 


RESULTS 


Results of SF, and air concentra- 
tions measured by gas chromatogra- 
phy at various intervals are depicted 
in the Figure. Air concentration 
present in the syringe was 395 at t, 
and increased to 39% at ty. Sulfur 


. hexafluoride concentration decreased 
-proportionately with increasing inter- 
~ vals. Sulfur hexafluoride concentra- 
tion was 97% 


at 30 s, 89% at 15 









% of Gas Sample in Syringe 


O 10 20 30 40 50 60 70 80 aid. 


Time, min 


ature and pressure recent in 10-mL syring 
at varying intervals after aspiration from com 
mercial tank. Open circles indicate eode: 
tion of sulfur hexafluoride remaining in. 
syringe. Black circles represent room air that 
has diffused into syringe. 


minutes, and 76% at 60 minutes. 
Eighteen hours after aspiration, the. 
SF, concentration was 2% and the 
concentration was 98%. 


COMMENT 


These data indicate that. S 
fuses rapidly out of a capped pla 
syringe and is replaced by air. It is. 
theoretically possible that thi 
changes in concentration. were due 
only to diffusion of air into the 
syn nee However, this would have 
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seb Wer plastic: walls oF the syringe 






















oa ghar less rearodueible 

] he lack of variability 
en specimens points to the 
ge wall as the site of gas loss. 

t oratory experiments, plastic 
iners are well known to be gas 
ermeable. For precise measurements 

as, sueh as during gas chromatog- 
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2 raphy. special glass containers are -— 
a used. Rate of gas escape might be 
- different within a syringe capped with — i 
uis a 30-gauge needle, although this is 
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unlikely if gas loss is mainly across 
the syringe wall. Different-sized 
syringes were not tested. 

Previous investigators have calcu- 
lated precise volumes of gas required 
to cover various degrees of retinal 
surface area.** Accurate ratios of SF, 
to air concentration are necessary to 
allow exact calculation of intravitreal 
bubble size and anticipated duration 
for adequate tamponade. Our results 
demonstrate significant SF, diffusion 
out of a capped plastic syringe with 
air replacing the SF, gas. This indi- 
cates that there may be a marked 
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It is common. for operating room per- 
sonnel to prepare the SF, syringe well 
before it is required for intraocular 4 
injection. Similarly, in a busy office - 
practice, a syringe of SF, may wait 30 
minutes or longer before it is used for 
pneumatic retinopexy or fluid-gas 
exchange. 

Plastic syringes are a convenient 
way to prepare SF, for intraocular 
injection and need not be abandoned. 
However, our experiments indicate 
that SF, should be aspirated into the 
syringe immediately before intraocu- 
lar injection. 
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- A Family With the Bardet-Biedl Syndrome 
, and Diabetes Mellitus 


Felipe Escallon, MD; Elias [. Traboulsi, MD; Ricardo Infante, MD 






B EE We Studied a family with the Bardet- 
us Bied! syndrome and diabetes mellitus. 
affected brothers and one affected 
ister were examined. Two older sisters 
..' with stigmata of the syndrome had died of 
=. unclear causes. The 18-year-old brother 
was obese, was mentally retarded, and 
had pigmentary retinopathy and insulin- 
endent diabetes mellitus. The 16- 
old. sister, who died in a diabetic 
ma during the course of the investiga- 
.had polydactyly, hypogenitalism, 
ity, mental retardation, and pigmen- 
ary retinopathy. The 8-year-old brother 
| all the features of the syndrome, but 
no overt diabetes mellitus. Electroreti- 
E -nography showed severe cone and rod 
dysfunction. Patients with the Bardet- 
... Biedl syndrome should be screened for 
D the presence of abnormalities in glucose 
. metabolism. 

5. {Arch Ophthalmol 1989;107:855-857) 




































-Bardet-Biedl syndrome, first 
icribed by Bardet! and Biedl,; is 
arized by obesity, mental 
ardation, polydactyly, hypogenital- 
ism, and pigmentary retinopathy. 
Ad ditional features include chronic 
enal failure, secondary to renal 
structural abnormalities,“ and con- 
quoad heart disease. More than 500 
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cases have been reported since the 
original descriptions. 

Diabetes mellitus has been previ- 
ously described in nine affected indi- 
viduals.*" A recent article by Green et 
al" however, quotes an incidence of 
45% for type II diabetes mellitus in 21 
patients with the Bardet-Biedl syn- 
drome. In an earlier article, Klein and 
Ammann" found abnormal glucose 
tolerance levels in 14% of their 48 
patients. We describe a family with 
the Bardet-Biedl syndrome and insu- 
lin-dependent diabetes mellitus. 

Twelve members of this family (Fig 
1) were examined. Three children ful- 
filled the criteria for the Bardet-Biedl 
syndrome. Two older deceased sisters 
(II-1, H-4) were probably affected 
(both had polydactyly, obesity, and 
mental retardation; they had not 
received an ophthalmologic examina- 
tion and had died of unclear causes at 
an early age). The parents were not 
consanguineous and had normal sys- 
temic and ocular examination find- 
ings. 


REPORT OF CASES 


Case 1 (I1-3). — This 18-year-old man was 
obese and had oxycephaly, mental retarda- 
tion, insulin-dependent diabetes mellitus 
diagnosed at 14 years of age, normal exter- 
nal genitalia, and normal hearing. His eye 
examination revealed a visual acuity of 
hand motions in both eyes. Fixation was 
noncentral and unsteady, and a horizontal 
nystagmus with a variable-angle exotropia 
was present. He was slightly hyperopic 
(+1.50 sphere) in both eyes. Indirect oph- 
thalmoscopy revealed pigment clumps in 
the midperiphery and a macular pigment 
epithelial defect surrounded by hyperpig- 
mentation (bulls-eye maculopathy) (Fig 
2). The electroretinogram showed a mark- 







edly decreased photopic response 
nonrecordable rod response. 

CASE 2 (II-6).—This 16-year-o 
systemie examination revealed 
mental retardation, postaxia 
in both feet 5 (hexadaetyly), a 



























examination showed a veu. ac üty 
counting fingers at 30 cm in bot 
Fixation was noncentral and um 
with a horizontal nystagmus. Indire opt 
thalmoscopy showed a bull's-eye appea 
ance of both maculae. The patient died i 
diabetic coma due to an inadequa 
and irregular insulin administratio 
Case 3 (11-10). — This 8-year-old boy 
obese and mentally retarded, and had 
axial polydactyly in the right ha: 
and in both feet. He had a small penis an 
testicles, and his fasting glucose leve 
were within normal limits. Hearing wa 
normal. Visual acuity was 20/80 OD ar 
20/200 OS. Fixation was central an 
unsteady in the right eye, and noncentral 
and unsteady in the left eye. No significant: 
refractive error was present. Indirect 
thalmoscopy showed a bull's-eye appear 
ance of both maculae that was less promi- 
nent in the right eye. The photopie and 
scotopic electroretinograms were e 
cordable. s 











COMMENT 


In 1866, Laurence and “Moo 
described four siblings with menta 
retardation, hypogenitalism, -shor 
stature, and pigmentary retinopé 
Hutchinson? presented a follo 
cud on | these. a. genes 
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Examined 


CA Affected by History and 
Ee Deceased 


Bardet-Bied! Syndrome 


gs Diabetes Mellitus 





Fig 1.—Family pedigree. Dagger indicates patient who died during study. 
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Deafness 


Main Features of the Bardet-Bied| Syndrome and Differential Disorders * 











Bardet- Prader- Laurence- 
Biedl Alstrom Willi Moon Juvenile 
Syndrome Syndrome Syndrome Syndrome  Nephronophthisis 
Obesity T 4 + ET - 
Polydactyly + — _ E = 
Acromicria — — + m a 
Skeletal anomalies ~ — - - + 
Pigmentary retinopathy + P — + + 
Hypogenitalism + + + FS 
Mental retardation + — E + 4. 
Diabetes mellitus + + Rare — — 
Chronic nephropathy + + — — + 
Spastic paraplegia — = _ + = 















* Plus sign indicates that feature is present; minus sign, feature not reported. 


the patients described by Laurence 
and Moon with those described by 
Biedl? Schachat and Maumenee'® 
reviewed the literature and proposed 
criteria for the diagnosis of the Bar- 
det-Biedl syndrome. They also dis- 
cussed the differential diagnosis of 
the Laurence-Moon and the Bardet- 
Biedl syndromes. 

The association of pigmentary reti- 
nopathy, obesity, and diabetes melli- 
tus has been reported in cases of the 
Bardet-Bied| syndrome? and the 
Alstrom syndrome,” and in the case of 
three members of a family described 
by Edwards et al.'* In the past some 
patients with the Prader-Willi syn- 
drome have been mistakenly thought 
to have the Bardet-Biedl syndrome, 
and may develop diabetes mellitus; 
they do not, however, have pigmen- 
tary retinopathy or polydactyly'^^ 
(Table). Patients with juvenile neph- 
ronophthisis can have pigmentary 
retinopathy, cerebellar ataxia, mental 


856 
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retardation, skeletal anomalies, 
chronic renal insufficiency, hepatic 
fibrosis, and diabetes mellitus second- 
ary to atrophy of the pancreatic 
islets?'" this disease should be con- 
sidered in the differential diagnosis of 
the Bardet-Biedl syndrome (Table). 

We believe that our patients had 
the Bardet-Bied] syndrome and not 
the Alstrom syndrome because of the 
presence of mental retardation, nor- 
mal hearing, and hypogenitalism — 
three major findings that differenti- 
ate the two diseases. Our patients had 
many symptomatic similarities to the 
three siblings described by Edwards 
et al.’ In the latter family, however, 
deafness was a prominent finding. 
Our patients had some of the features 
of juvenile nephronophthisis, but they 
also had different features, such as 
obesity, hypogenitalism, and polydac- 
tyly, which are not part of juvenile 
nephronophthisis. 

The cause of diabetes mellitus in 





Fig 2.—Patient 1 (II-3). Posterior pole of left 
eye shows bull's-eye appearance of macula. 





Fig 3. — Patient 3 (Il-10) exhibited polydactyly 
(hexadactyly) of left hand. 


some patients and families with the 
Bardet-Biedl syndrome is not clear. 
Obesity may lead to insulin resistance 
by a reduction in the number of cellu- 
lar insulin receptors, which leads to 
decreased insulin sensitivity.?^* Addi- 
tionally, a postreceptor defect results 
in decreased insulin responsiveness. A 
decreased number of cellular insulin 
receptors are present in mild hyperin- 
sulinemia; as hyperinsulinemia in- 
creases, a postreceptor defect mecha- 
nism comes into play. Additional or 
different mechanisms that lead to 
glucose intolerance and/or diabetes 
mellitus in patients with the Bardet- 
Biedl syndrome probably exist. Au- 
topsy findings have not revealed any 
histologic abnormality in the pancre- 
as that could account for the onset of 


diabetes mellitus.^'^? This has been& 


found in patients with juvenile neph- 
ronophthisis in whom atrophy of the 
pancreatic islets and fatty replace- 
ment of the exocrine pancreas leading 
to encroachment of the islets by the 
adipose tissue have been reported.”!” 

Because of the findings in our 
patients, and because of the high inci- 
dence of abnormal glucose tolerance 
and type II diabetes mellitus found in 
patients described by Klein and 
Ammann" and Green and cowork- 
ers,’ respectively, patients with a sus- 
pected or confirmed diagnosis of Bar- 
det-Biedl syndrome or differential 


conditions should be screened early ing 


life for the presence of abnormalities 
of glucose metabolism. 


Bardet-Biedl Syndrome—Escallon et al 
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© Three studies were performed to 
jsess more accurately the prevalence, 
atural history, and appropriate treatment 
of acquired immunodeficiency syndrome 
(AIDS)-related Kaposi sarcoma involving 
ocular structures. The first study was a 
prospective examination of 100 male 
homosexuals with AIDS-related Kaposi 
sarcoma for signs of ophthalmic involve- 
_ ment. Of the 20 patients who had ophthal- 
mic lesions, 16 had eyelid lesions and 
^seven had conjunctival lesions. in four 
- patients, the ophthalmic lesion was the 
first, and initially the only, clinically iden- 
tified manifestation of Kaposi sarcoma. 
The second study was a retrospective 
tdi of all patients with ophthalmic 








ee therapy. 
(Arch Ophthalmol 1989;107:858-862) 
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Kaposi Sarcoma of the Conjunctiva and 
elids Associated With 


Keres! sarcoma, a malignant me- 

senchymal tumor of the skin and 
mucous membranes, is a frequent 
manifestation of the acquired immu- 
nodeficiency syndrome (AIDS). Ac- 
quired immunodeficiency syndrome- 
related Kaposi sarcoma is more 
aggressive and less responsive to 
treatment than Kaposi sarcoma in 
patients without AIDS. The tumor 
can involve the eyelids or conjunctivae 
with ocular complications that in- 


clude irritation, recurrent hemor- 
rhage, infection, trichiasis, visual 
obstruction, and cosmetice distur- 


bance.’ The conjunctival lesions are 
easily mistaken initially for chronic 
subconjunctival hemorrhage, foreign- 
body granuloma, or a cavernous he- 
mangioma. The eyelid lesions may 
mimic a hordeolum that is unrespon- 
sive to conventional therapy. Three 
studies were performed to provide 
more accurate data on the prevalence 
of ophthalmic Kaposi sarcoma than 
have been published previously from 
selected populations, to study the nat- 
ural history of ophthalmic lesions, 
and to assess the efficacy of various 
modes of therapy. 


PATIENTS, MATERIALS, AND METHODS 
Study 1 


One hundred male homosexuals with a 
diagnosis of AIDS-related Kaposi sarco- 
ma, evaluated prospectively between Octo- 
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ber 1987 and March 1988, were examined 
for conjunctival and eyelid involvement. To 
avoid referral bias, 50 consecutive patients 
were seen by a community-based hematol- 
ogist/oncologist, and 50 consecutive pa- 
tients were referral patients in the Kaposi 
Sarcoma Clinie at the UCLA Medical Cen- 
ter, Los Angeles. All patients in this series 
had biopsy-proved Kaposi sarcoma, most 
from nonophthalmic sites of disease. No 
patient underwent sigmoidoscopy, bron- 
choscopy, or lymph node biopsy to rule out 
other sites of Kaposi sarcoma unless clini- 
cally suspected. The following information 4 
was obtained from each patient or his © 
medical charts: age, duration of Kaposi 
sarcoma, first clinically identified location 
of Kaposi sarcoma, the presence of con- 
junctival and/or eyelid lesions, treatment, 
and response of ophthalmic lesions to 
treatment. 


Study 2 


The medical charts of all patients with 
ophthalmic Kaposi sarcoma examined at 
the Jules Stein Eye Institute, Los Angeles, 
by one ophthalmologist (G.N.H.) between 
1982 and 1988 were reviewed retrospective- 
ly. The following information was ob- 
tained: age, duration of Kaposi sarcoma, 
first clinically identified location of Kaposi Á. 
sarcoma, change in the ophthalmic lesions — 
over time, treatment, and response of oph- 
thalmic lesions to treatment. 


Study 3 


Results of radiation therapy on. all 
patients with AIDS-related ophthalmic 
Kaposi sarcoma treated by one radiation  . 
oncologist (I.G.) were reviewed retrospec- . - 
tively. All patients were treated under a 
standard protocol of 2000 to 3000 cen 
grays (eGy), total dose given in fractions of .. 
200 to 300 cGy per session over three 
weeks. Patients were treated with either a 
6-meV linear accelerator using oblique 
ports with a 2-cm bolus and lead. blocking 
over the eye or a 100-kilovolt peak superfi- | 






cial radiation unit. i E d 


In each study, response to treatment was 


7 defined asa ‘reduction i in n the size and color 


m ibn weap etal - 


Table 3.—Clinical Characteristics 
of Patients With 
Ophthalmic Kaposi Sarcoma * 


Table 1.—Clinical Characteristics of Patients With AIDS-Related Kaposi Sarcoma* 


Patients With 
All Patients Ophthalmic Involvement 
Characteristic (N = 100) (n = 20) 


Age, y 
Median 


Patients 
With Ophthalmic 
Characteristics Involvement 


Age, y 
Median 
Range 
Duration of Kaposi 
sarcoma prior to 
examination at JSEI, mo 
Median 
Range 
Location of lesions, 
No. of patients 
Conjunctiva only 
Conjunctiva and 
eyelid 
Eyelid only 
First clinically identified 
location of Kaposi 
sarcoma 
Skin 
Upper extremity 
Lower extremity 
Face (not 
eyelid) 
Eyelid 
Other 
Mucous membrane 
Oropharynx 
Conjunctiva 


Duration of Kaposi sarcoma prior to examination 
Median, mo 10 


First clinically identified location of Kaposi sarcoma 
Skin 
Lower extremity 
Upper extremity 
Face (not eyelid) 
Eyelid 
Skin, other 


Mucous membranes 
Oropharynx 


Rectum 
Conjunctiva 


Other 
Lymph node 


Lung 





* Study 1 of 100 consecutive patients; AIDS indicates acquired immunodeficiency syndrome. 


Table 2.— Location and Response to Treatment of Ophthalmic Kaposi Sarcoma* 





Case Location of Response Recurrence Length of : 
No. Lesions Treatment to Treatment After Treatment Follow-up, mo Study 2 of 19 patients examined at the Jules 


1  Conjunctiva OD, XRTt N/At N/A N/A Stein Eye Institute (JSEI), Los Angeles. 
upper eyelid OS 


Conjunctiva OD, XRT . r 
upper eyelid OD, density of the lesion. Lack of response was 


lower eyelid OS defined as no reduction in size and color 

3 Lower eyelid OS None N/A N/A N/A density ov continued progression of the 

€ lesion immediately after treatment. Le- 
Conjunctiva OS XRT N/A N/A N/A A 

sions that responded to therapy were fol- 


ares OS XAT aika tin N/A lowed up over time to determine frequen- 


Lower eyelid OU XRT Yes Yes 10 cies of recurrence. 
7 Upper eyelid OU, XRT Yes Yes 3 
Tur dà OD pos 
Table 1 summarizes the findings for 
10  Conjunctiva OD, None N/A N/A N/A all 100 patients examined. Table 2 
lower eyelid OD summarizes the location of lesions 
11 Upper eyelid OU XRT, zidovudine, N/A and response to treatment of those 
doxorubicin patients with ophthalmic involve- 
hydrochloride 
(Adriamycin), ment. 
bleomycin Twenty of the 100 patients with 
sulfate AIDS-related Kaposi sarcoma had 


12 Conjunctiva OD XRT Yes Yes 1 ophthalmic involvement. Of these 20 
13 Upper eyelid OD — XRT N/A N/A N/A patients, 13 had only eyelid lesions, 
es 


14 Lower eyelid OD XRT, interferon Yes Y 
beta, and three had both eyelid and con- 


zidovudine : : . : : 
junctival involvement. All conjuncti- 
15 Lower eyelid OS XRT Yes No 4 . . 
HAN val lesions were located in the lower 
16 Conjunctiva OU Zidovudine Yes No 36 : . : . 
fornix. Of the patients with eyelid 


18 four had only conjunctival lesions, 


17 Upper eyelid OD Vinblastine N/A N/A N/A . 
alate involvement, the upper and lower eye- 


18 Upper eyelid OS, XAT TS Ves $ lids were involved with equal frequen- 
cy. There was no significant differ 
19 Lower eyelid OD Interferon beta Yes No 6 ence in the frequency of right and left 
20 Upper eyelid OD Zidovudine, eye involvement. There was no signif- 
vinblastine icant difference in frequency of oph- 
sulfate, thalmic involvement or location of 


bleomycin ophthalmic lesions between the two 


sulfate H 
>) tee ETS / LB mes E. groups of 50 patients. There were no 
uay 18) atients trom a series o consecutive cases o aposi sarcoma reiate O acquire > . e 
imonodelilenoy Eb ome. 5 " patients with symptoms of pain or 
+XRT indicates radiation therapy. decreased visual acuity. 


£N/A indicates not applicable. In four of the 100 patients, the 
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Fig 5.—Kaposi sarcoma lesion distorting normal architecture of medial 


canthus with overlying exudative reaction. 


ophthalmic lesion was the first, and 
initially the only, clinically identified 
manifestation of Kaposi sarcoma. Of 
these four patients, three had lower 
eyelid lesions and one had a lower 
palpebral conjunctival lesion. The 
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Fig 2.—Progression of Kaposi sarcoma lesion seen in Fig 1 three 
months later without treatment. 


Fig 4.—Total regression of Kaposi sarcoma lesion seen in Fig 3 five 
months after chemotherapy was started. 





Fig 6.—Total regression of Kaposi sarcoma lesion seen in Fig 5 six 


weeks after radiation therapy was completed. 


median duration of Kaposi sarcoma at 
the time of examination was ten 
months and the median age was 38 
years in both the total population of 
100 patients and the subpopulation of 
20 with ophthalmic involvement. 


Study 2 


Table 3 summarizes the findings of 
19 patients with ophthalmic Kaposi 


sarcoma examined by one ophthal- » 


mologist (G.N.H.) during a six-year 
period. The median age of the patients 
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36 3, and a madan iaterval 
, “the. development of the first 
clinically identified Kaposi sarcoma 
lesions (regardless of site) to ophthal- 
-mic examination was six months. The 
-eye was the site of the first clinically 
dentified Kaposi sarcoma lesion in 
hree patients (16% ). The eyelids and 
-eonjunctivae were affected with equal 
frequency. None of the 19 patients 
(4796) had bilateral disease. Seven- 
teen patients had slow progression of 
the lesions over several months prior 
to treatment (Figs 1 and 2) The 
remaining two patients had rapid pro- 
gression of the lesions with a doubling 
in size within one week. There were no 
patients with symptoms of pain or 
decreased visual acuity. 

Six patients were treated with che- 
motherapy alone. Five patients 
. Showed response without recurrence 

after a median follow-up of five 

months (range, one to nine months) 

(Figs 3 and 4) and one had continued 

progression of the lesion. Chemother- 

apy included either single-agent or 
combination therapy with the follow- 
ing: doxorubicin hydrochloride 

(Adriamycin), bleomycin sulfate, and 

vinblastine sulfate. Three patients 

were treated with alfa or beta inter- 
feron; all had disease progression 
with a median follow-up of three 
months (range, one to five months). 
Six patients were treated with radi- 
-ation therapy; all showed response 
immediately after treatment (Figs 5 
~ and 6). Lesions recurred in three 
patients, all within six months of 
treatment. The other three patients 
had no evidence of recurrence after a 
median follow-up of five months 
(range, three to 11 months) One 
patient received cryotherapy to the 
lesion with limited response; it 
. recurred within three weeks. Two 
.. patients underwent excision of the 
Kaposi sareoma lesion; both had 
‘urrences within one month. Three 
mts received no therapy: one died 
hortly after examination, and the 
ther two showed continued progres- 
sion during a follow-up period of one 
~~ and four months, respectively. 


Study 3 


All 12 patients treated with radia- 
tion therapy for ophthalmic Kaposi 
sarcoma had a response to treatment, 
and ten had a complete resolution of 
the lesion by the end of the treatment 

.-. sessions. There were two local recur- 
-. rences among ten patients examined 
four months after irradiation. Of the 
maining eight patients, four devel- 
local recurrences after six 
onths. Four of the 12 patients in 
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| study 3, including the two with recur- 


rence at four months, were also in 
study 1. 

Side effects of radiation therapy in 
this series included local skin erythe- 
ma in six patients and hair loss at the 
exit site of the linear accelerator in 
one patient. Although the linear 
accelerator was used more often for 
larger and more invasive lesions than 
the superficial radiation unit, there 
was no difference in rates of response 
to treatment by the two devices. 


COMMENT 


Ophthalmic Kaposi sarcoma was 
seen rarely prior to the AIDS epidem- 
ic, with fewer than 30 cases having 
been reported in the world literature 
before 19825 Its incidence has 
increased greatly in recent years 
because of an association with AIDS. 
Kaposi sarcoma is a frequent mani- 
festation of AIDS, occurring in 
approximately 24% of patients with 
AIDS.” 

Results of study 1 support previous 
statistics on ophthalmic Kaposi sarco- 
ma. Of the 100 patients, 98% were 
between 20 and 49 years of age, and 
50% were between 30 and 39 years of 
age, comparable to the figures of 90% 
and 47%, respectively, seen in the 
general AIDS population.’ Holland et 
al? in 1983 reported the cases of 30 
patients with AIDS, of whom 17 
(57%) had Kaposi sarcoma. Four 
(24%) of the 17 had ophthalmic 
involvement: three (18%) had con- 
junctival lesions and one (6% ) had an 
eyelid lesion. Palestine et al* in 1984 
reported the cases of 40 patients with 
AIDS, of whom 20 (50%) had Kaposi 
sarcoma. Two patients (10% ) had con- 
junctival lesions. Ophthalmic in- 
volvement was seen in 20% of patients 
in the current study; 16% had eyelid 
lesions and 7% had conjunctival 
lesions. 

Conjunctival Kaposi sarcoma ap- 
pears to be much more common in the 
inferior fornix, although it has been 
reported in the upper palpebral and 
bulbar conjunctiva.^5/ In the 100 
consecutive patients of study 1, all 
conjunctival lesions were located in 
the inferior fornix. 

The initial clinical manifestations 
of AIDS-related Kaposi sarcoma may 
be ophthalmie, as occurred in two 
(12% ) of 17 patients whose cases were 
reported by Holland et al’ in 1983. In 
study 2, ophthalmic lesions were the 
first clinieally identified manifesta- 
tion of Kaposi sarcoma in three (1696) 
of 19 patients. These figures are prob- 
ably high because of referral bias. In 
study 1, only four of 100 patients with 


suggesting that, in genera 
mic Kaposi sarcoma is neither an 
ly nor a late manifestation of K: 
sarcoma. The shorter interva 
Kaposi sarcoma prior to examina 
in study 2 (six months) is probably 
reflection of referral bias. = =~ 
Ophthalmic Kaposi sarcoma lesion 
generally are slowly progressive; 
rarely do they progress rapidly. 
10% figure for frequency of ra 
progression in study 2 may be 
cially high since patients with ag 
sive tumors are more likely to 
referred to an apnea 
evaluation. | 
There are several treatme 
ities avallable for patients th 
si sarcoma, including chemot! 
immunotherapy, radiation the 
cryotherapy, and excision.*!?!^ Pri 
the AIDS epidemic, Kaposi s 
lesions were often curable 
excision.^? Acquired imm 
ciency syndrome-related Kaposi s 
coma is a multifocal neoplasm; thu: 
one cannot expect to cure patients 0 
the disease with total excision, eve 
with isolated lesions. Chemotherap 
and radiation therapy in this stud 
did show regression of Kaposi sarco 
ma lesions in some patients, althoug 
recurrence was common following 
radiation therapy or discontinuation: 
of chemotherapy. 
It has been known for many year 
that Kaposi sarcoma is a radiosensi 
tive tumor. Cooper and Fried” hav 
reported effective palliation of Kaposi- 
sarcoma lesions by radiation therapy 
Cooper and Fried‘ also published a. 
case report of a patient with a con- 
junctival Kaposi sarcoma lesion tha 
was eradicated by radiation therapy. 
with no gross evidence of residual 




















Of the 22 patients treated with tads. 
tion therapy in the current- three: 
studies, 20 had total or near-tota 
resolution of lesions with radiatio 
therapy, and only three were known tc 
have recurrences within four months. 
Most recurrences occurred between 
six and 12 months after radiation 
therapy. Radiation therapy appears 
be a safe and effective ruins fo 
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cosmetically disturbing lesions and | 
discomfort or obstruction of vision — 


from bulky lesions. Also, prophylactic 
treatment of large or expanding eye- 
lid lesions should be considered to 
prevent entropion formation with tri- 
chiasis and secondary infection of the 
eyelid and cornea. If the disease is 
multifocal and systemic therapy is 
given, one may observe for regression 
of the ophthalmic lesions. If systemic 
therapy is ineffective, if the disease is 
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UN g A New Clinical Entity 


oo ve A 43-year-old black woman with 
x T immunodeficiency syndrome 
|. developed bilateral multifocal choroidop- 

athy characterized by slowly enlarging 

round to oval lesions in the posterior pole 
and midperiphery. Systemic evaluation 
revealed no evidence of mycobacterial, 
fungal, or spirochetal disease. Fluoresce- 
angiography of the lesions showed 
y hypofluorescence with late staining 
he lesions, which appeared deep to 
retinal circulation. There was no evi- 
- ". dence of retinal involvement. Over a 4- 
“month period of observation, the lesions 
appeared to enlarge slowly, with no evi- 
~~ dence of vitreous cells or debris in the 

overlying retina. A transscleral choroidal 

biopsy was performed, and electron 

microscopy showed numerous cystic 

structures characteristic of Pneumocystis 
carinii within necrotic choroid. The lack of 
inflammatory changes clinically, by fluo- 
cein angiography, and histopathologi- 
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2 umocystis carinii is a common 
'ause of opportunistic pneumonitis 
immunocompromised patients and 
isthe most common opportunistic 
<- -infection seen in patients with 
|» aequired immunodeficiency syndrome 
(AIDS).'? The organism is an opportu- 
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Pneumocystis carinii Choroidopathy 


ja William R. Freeman, MD; Jeffrey G. Gross, MD; James Labelle, MD; 
. Karen Oteken; Barrett Katz, MD; Clayton A. Wiley, MD, PhD 


nistic protozoan. Despite the frequent 
occurrence of P carinii infection in 
immunocompromised patients, evi- 
dence of ocular infection with this 
organism is lacking. One group sug- 
gested the possible presence of Pneu- 
mocystis-like structures within cot- 
ton-wool spots of a patient with AIDS; 
however, this was never substanti- 
ated* Macher and associates’ de- 
scribed a patient with AIDS with dis- 
seminated Pneumocystis infection in 
which Pneumocystis organisms were 
incidentally found in the choroid. Dis- 
seminated (extrapulmonary) Pneu- 
mocystis infection has been reported 
only rarely. In an infant with thymic 
aplasia who died of P carinii pneumo- 
nia, Pneumocystis organisms were 
found in the bone marrow, heart mus- 
cle, liver, gastric mucosa, and other 
visceral sites.* This report and others 
suggest that parasitemia occurred 
before death. No published reports of 
disseminated P carinii infection 
before death have, to our knowledge, 
appeared.’ In some of the reported 
autopsy cases, a striking lack of 
inflammation was noted in the 
extrapulmonary sites of involve- 
ment,** and in others a granulomatous 
reaction was noted in the involved 
visceral organs.’ 

Opportunistic intraocular infec- 
tions are frequent in patients with 
AIDS. These include retinitis due to 
cytomegalovirus, herpes simplex, and 
varicella zoster virus, toxoplasmosis, 
and candidiasis, as well as choroidal 
infection with Mycobacterium avium 
intracellulare, histoplasmosis, and 
other fungal organisms.’ Infectious 


choroiditis is most often a ma: 
tion of hematogenous d 
of the causative organism. Th 
presentation of a choroidal 
depends on the nature of tł 
tious agent and the host respo 
Tuberculous choroiditis is as 
with inflammation and, often 
dence of choroidal masses.” 

choroiditis Re wi th: 















abscesses scattered throughout ; 
retina and choroid. ^ 


thelial ie es diseases 
been described, none of w 
known to be caused by. 
organisms, although severa 
been associated with antecede 
infections. These lesions i i 
piginous choroiditis,* multip 
nescent white dot syndro 
tate | inner. Rese erin 








Fig 1.—Photographic montage of fundus of 
left eye on June 10, 1988, showing optic 
nerve head swelling and hemorrhage. The 
patient was severely thrombocytopenic at the 
time. 


plastic disorders, including reticulum 
cell sarcoma and other lymphoprolif- 
erative disorders, may present with 
choroidal involvement as well? 

To manage patients with choroiditis 
successfully, the clinician must make 
an accurate diagnosis. Unfortunately, 
access to the posterior ocular tissues 
is difficult, and in most cases, an 
empiric decision as to the type of 
therapy to use is based on the history 
and clinical appearance of the lesion." 
For this reason, it is essential to 
obtain clinicopathologic correlation 
whenever possible and to describe 
accurately forms of choroiditis that 
have unusual appearances. 

We treated a 43-year-old woman 
with a history of AIDS complicated by 
idiopathic thrombocytopenic purpura, 
P carinii pneumonia, and cytomegalo- 
virus retinitis who developed bilater- 
al, round to oval, pale choroidal 
lesions with minimal signs of clinical 
inflammation. The patient was 
studied clinically, by serial fundus 
photography, and angiographically 
over a 4-month period before biopsy of 
one of the lesions by a transscleral 
approach. Examination of the lesion 
by electron microscopy showed nu- 
merous P carinii organisms. The 
unique clinical appearance of the 
lesions, their fluorescein angiographic 
characteristics, and their slow growth 
and relatively benign nature are cor- 


related with their histopathologic 
appearance. 
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Fig 2.—Photographic montage of fundus of 
left eye on August 9, 1988, showing persistent 
optic nerve head edema. New multifocal cho- 
roidal mass lesions are seen scattered 
throughout the posterior pole. The visual acu- 
ity was 20/ 40. 


Fig 3.—Photographic montage of fundus of 
left eye one month later, showing enlargement 
of the lesions into the macular area. The 
individual lesions had more than doubled in 
size, and several had become confluent. The 
visual acuity remained unchanged at 20/ 40. 


Fig 4.—Fluorescein angiogram of the choroidal lesions (early phase), showing early hypofluo- 
rescence. 


REPORT OF A CASE 

A 43-year-old black woman with a histo- 
ry of intravenous drug abuse was diag- 
nosed with idiopathic thrombocytopenic 
purpura in October 1987 and treated with 
danazol and prednisone, 20 mg/d. The 
patient was diagnosed with AIDS in 
November 1987 after bronchoscopy con- 


firmed P carinii pneumonia requiring 
intubation. Serologic testing at that time 
was positive for human immunodeficiency 
virus. She was treated with a 21-day course 
of parenteral and then oral trimethoprim- 
sulfamethoxazole and subsequently re- 
ceived inhalation pentamidine isethionate 
prophylaxis (150 mg) every other week. 
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Her initial ocular examination on Janu- 
ary 7, 1988, showed a visual acuity of 20/20 
OU. Fundus examination demonstrated 
bilateral optic dise edema, peripheral 
white-centered retinal hemorrhages, and 
occasional cotton-wool spots in the posteri- 
or pole, consistent with AIDS-related 
retinal microvasculopathy. Complete neu- 
rologic examination, including lumbar 
puncture, cerebrospinal fluid VDRL, cere- 
brospinal fluid cryptococcal antigen test- 
ing, and computed tomography of the 
brain, gave normal results. The patient 
subsequently developed cytomegalovirus 
retinitis in the inferotemporal retina of 
the right eye on March 22, 1988, and treat- 
ment with ganciclovir was recommended. 
The patient initially refused treatment, 
and we elected to observe the retinitis for 
definite progression. Consent was given for 
intravenous ganciclovir on May 24, 1988, 
and healing of the retinitis was noted 2 
weeks later. Ganciclovir was withheld for 
two weeks in June 1988 because of leukope- 
nia and thrombocytopenia. The visual acu- 
ity at this time was 20/40 OD and 20/25 
OS. Optic disc edema continued without 
explanation (Fig 1). Visual fields were 
moderately depressed, most severely out- 
side of the 20° meridian. 

The patient was examined with auto- 
mated perimetry. The visual fields demon- 
strated an overall depression of field from 
each eye (with global depression of —9.81 
dB OD and —9.42 dB OS); areas where she 
subsequently developed focal choroidal 
lesions showed relative preservation (with 
corrected pattern SD of 5.69 dB OD and 
6.47 dB OS). On August 9 she was found to 
have multifocal choroidal lesions bilateral- 
ly and a new focus of cytomegalovirus 
retinitis. The choroidal lesions were yel- 
low-orange and flat, ranged in diameter 
from 1 to 3 mm, and were located predom- 
inantly in the posterior pole, involving the 
macula of the left eye (Fig 2). Bone marrow 
aspirate and biopsy and blood cultures for 
fungus and mycobacteria were sterile. The 
chest roentgenogram was normal, and 
VDRL was negative. The visual acuity was 
20/40 OU. The corticosteroids were 
tapered. Ganciclovir was withheld for a 
total of 1 month because of pancytopenia 
and catheter infection. 

Examination on September 6, 1988, 
showed enlargement of the choroidal 
lesions (Fig 3). Fluorescein angiography 
revealed early hypofluorescence and late 
staining of the lesions (Figs 4 and 5). 
Another chest roentgenogram on Septem- 
ber 12, 1988, disclosed diffuse interstitial 
infiltrates and P carinii in the sputum. 
Oral trimethoprim-sulfamethoxazole ther- 
apy was begun, and the patient was admit- 
ted to the hospital 5 days later with a left 
pleural effusion. The P carinii pneumonia 
responded to therapy. Several weeks later, 
the patient reported a significant loss of 
vision in the right eye and was found to 
have a total retinal detachment except for 
the area of healed retinitis inferiorly. Mul- 
tiple breaks were present at the edge of 
atrophic retina bordering this area. Active 
retinitis was present in the left eye despite 
maintenance ganciclovir treatment. The 
ganciclovir dosage was increased to 5 mg/ 
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Fig 5.—Fluorescein angiogram of the choroidal lesions 10 minutes after injection of dye, showing 
staining of the lesions. 
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Fig 6.—Electron micrograph of necrotic regions of choroidal biopsy specimen. Regions of 
choroidal necrosis showed minimal inflammatory reaction. Tissue parenchyma was replaced by 
collapsed cysts (between arrows) 3.5 um in greatest dimension and cyst wall debris (wavy 
basement membrane-like material). The cyst wall extended 100 nm from the cell membrane; 
however, the electron-dense portions of the wall measured 30 nm in thickness. Trophozoite nuclei 
and cytoplasm appear degenerate. Abundant extracellular membrane foldings (small circlets 
[arrowheads]) are noted within edematous regions. Bar indicates 0.5 um (uranyl acetate-lead 
citrate, X9600). 
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"The patient was btonghi to the operat- 
ing room, where, under local anesthesia, 
‘she underwent a transscleral choroidal 
biopsy of the most peripheral choroidal 
lesion in the right eye followed by pars 
-plana vitrectomy, internal drainage of sub- 
retinal fluid, and silicone oil injection. 
. Informed consent for silicone oil injection 
as approved by our institution's human 
“subjects committee was obtained preoper- 
-atively. After insertion of an infusion can- 
.nula, the choroidal lesion was localized by 
scleral depression and indirect ophthal- 
moscopy. A partial-thickness 6 X 6-mm 
scleral flap was dissected on three sides. 
Diathermy was placed in a 4 X 4-mm area 
‘within the flap, and the sclera and choroid 
were excised by blunt and sharp dissection. 
The flap was closed with preplaced sutures. 
‘A pars plana vitrectomy and retinal 
detachment repair with silicone oil injec- 
tion were performed according to methods 
previously described.” One week postop- 
eratively, the retina was completely 
attached. The patient was subsequently 
Started on a course of oral trimethoprim- 
‘sulfamethoxazole. The retina redetached 
with the development of proliferative 
vitreoretinopathy, and the patient declined 
further surgical intervention. Over a 2- 
month follow-up period, the choroidal 
lesions in the left eye did not progress. 


MATERIALS AND METHODS 


Choroidal biopsy material was immer- 
J Sion fixed in 2.5% glutaraldehyde and 2% 
paraformaldehyde in phosphate buffer. 
The specimen was rinsed and postfixed for 
.1 hour in 1% osmium tetroxide, dehy- 
— drated, and embedded in plastic. Standard 
- l-um and ultrathin sections were cut, 
. Stained, and viewed. 


RESULTS 


| Thick sections demonstrated dense 
scleral collagen, underlying  pig- 
mented choroidal tissue with a focus 
of necrosis, and an attached retinal 
fragment. Throughout the 0.6-mm- 
diameter lesion, there was no evidence 
of inflammatory cells. When thick 
sections were etched and silver 
stained, variably sized argyrophilic 
spherules were identified only within 
the necrotic regions. Electron micro- 
graphs of necrotic regions demon- 
2 strated dense sheets of P carinii 
- organisms in various stages of repli- 
.eation and preservation. Most 
. areas showed collapsed cysts, 3.5 um 
in greatest dimension, and cyst wall 
debris (Fig 6). Nuclei and cytoplasm 
of the organism were poorly pre- 
served. The cyst wall extended 100 nm 
-from the cell membrane; however, the 
- electron-dense portions of the wall 
measured only 30 nm in thickness. 
. Numerous membrane foldings were 
- noted outside of the cyst walls. 


t» ice daily 9 with healing o of the retini- 


.. 866 Arch Ophthaimol—Vol 107, June 1989 


COMMENT | 

Pneumocystis carinii pneumonia 
occurs in 80% of patients with AIDS 
and is the initial opportunistic infec- 
tion in over half of these individuals. 
The pneumonia is treated with pen- 
tamidine isethionate (4 mg/kg per 
day) or trimethoprim-sulfamethoxa- 
zole (15 to 20 mg of trimethoprim per 
kilogram per day and 75 to 100 mg of 
sulfamethoxazole per kilogram per 
day). Both regimens show a high rate 
of initial response.? In patients with 
AIDS, residual organisms are often 
present after completion of a 3- to 
4-week course of therapy. Suppressive 
therapy is often used in patients with 
AIDS after treatment because of the 
high rate of recurrence. The drug reg- 
imens used include trimethoprim- 
sulfamethoxazole and  pyrimeth- 
amine-sulfadoxine. Because of the 
high incidence of toxic reactions when 
systemic antimicrobial agents are 
used in these severely ill patients, 
inhalant therapy with aerosolized 
pentamidine has been used as a form 
of local treatment and prophylaxis in 
selected patients.” 

In our patient, prophylactic therapy 
to prevent recurrence of Pneumocys- 
tis pneumonia was administered by a 
local (aerosol) route. Not only was the 
patient severely immunocompromised 
by AIDS, but she suffered from idio- 
pathic thrombocytopenic purpura and 
was treated with corticosteroids for 
that condition. Her white blood cell 
count was often suppressed by ganci- 
clovir therapy. The combination of 
local therapy and the multiple immu- 
nocompromising factors present may 
have contributed to dissemination of 
the organism. 

Based on this reasoning, one might 
predict that as patients with AIDS 
and P carinii pneumonia survive 
longer and are treated with local 
forms of therapy, more patients with 
disseminated Pneumocystis infec- 
tions, including choroiditis, will be 
seen. The use of aerosolized anti- 
Pneumocystis treatment may sup- 
press pulmonary infections but ap- 
pears to permit systemic dissemina- 
tion.? In patients with AIDS, unlike 
other immunocompromised patients, 
recurrence of P carinii pneumonia is 
common without immunosuppressive 
therapy; these individuals seem par- 
ticularly prone to Pneumocystis infec- 
con.? It is interesting that although 
autopsy examination of immunosup- 
pressed patients has occasionally doc- 
umented dissemination of P carinii to 
extrapulmonary locations, the central 
nervous system has not been reported 
as a site of involvement. The presence 





ment either cli ically or gus ide 
in angiography is consistent with this. 
The reason for the lack of central 
nervous system involvement remains 
unknown. 

Transscleral choroidal biopsy may 
be useful in immunosuppressed 
patients with progressive choroidal 
lesions that may be infectious and 
potentially treatable. Although we 
have used the transvitreal approach 
to endoretinal biopsy in patients with 
infectious retinitis,“? choroidal le- 
sions may be more easily subjected to 
biopsy from a transscleral approach. 

Clinically, the appearance of a pale, 
oval, choroidal lesion with minimal 
evidence of inflammation in an immu- 
nocompromised patient should alert 
the ophthalmologist to the possible 
diagnosis of Pneumocystis infection of 
the choroid. Although similar lesions 
in infectious choroiditis due to Cryp- 
tococcus may be seen, such lesions 
usually are accompanied by vitreous 
inflammation. Similar cases have 
recently been diagnosed on autopsy 
examination (Narsing Rao, MD, oral 
communication, October 10, 1988). 
Because a variety of effective antimi- 
crobial agents are available to treat 
this infection, and because it appears 





to be slowly progressive if untreated, | 


systemic therapy should be consid- 
ered and a thorough systemic evalua- 
tion should be performed. The appear- 
ance of the lesion on ophthalmoscopy 
and the apparent lack of inflamma- 
tion on fluorescein angiography are 
consistent with the histopathologic 
features of the organism. The lack of 
inflammatory features may be due to 
the severe abnormalities in cell-medi- 
ated immunity that characterize 
patients with AIDS. Granulomatous 
inflammation may not be a character- 
istic feature of Pneumocystis infec- 









tion, even in patients without AIDS.: <. 


Although this organism is of relative- 
ly low virulence, it is associated with 
choroidal tissue necrosis. Should the 
lesions spread under the macular 
area, loss of central vision may be 
expected as necrosis becomes more 
widespread. Systemic anti-Pneumo- 
cystis antibiotic therapy in such cases 
should be considered. 
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were noted in the right eye while 
inactive scars were noted in the left eye. 
immunoperoxidase staining and in situ 
hybridization studies demonstrated the 
presence ‘of CMV in the right eye but not 
n the left eye. While ganciclovir remains 
he treatment of choice for CMV retinitis, 
ridovudine treatment may have a benefi- 
ial effect on CMV retinitis in some 
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Clinicopathologic Correlation 


+ 


(AIDS).^ While CMV retinitis in the 
setting of organ transplantation has 
shown regression after reversal of 
immunosuppression,? to our knowl- 
edge, spontaneous regression of this 
condition has not been reported when 
associated with AIDS. Recently, mul- 
tiple series have reported beneficial 
effects of ganciclovir therapy for CMV 
retinitis.” Zidovudine, also known as 
azidothymidine, has activity against 
the human immunodeficiency virus 
(HIV) and has been shown to prolong 
survival and decrease the frequency of 
opportunistic infections in patients 
with AIDS or the AIDS-related com- 
plex? However, zidovudine does not 
have in vitro activity against CMV (K. 
Biron, Burroughs Wellcome Co, oral 
communication, March 1988). In this 
communication, we report the clinico- 
pathologic correlation of a patient 
with AIDS with CMV retinitis in 
whom the CMV retinitis was sup- 
pressed while the patient was receiv- 
ing zidovudine treatment. 


REPORT OF A CASE 


A 55-year-old man was referred for oph- 
thalmic examination on April 28, 1987. He 
had been diagnosed as having AIDS in 
March 1987 when Pneumocystis carinii 
pneumonia developed and he was found to 
have antibodies to HIV. He denied bisexual 
or homosexual activity, intravenous drug 
abuse, or blood transfusions and was 
thought to have acquired the HIV infection 
by heterosexual contact, as he admitted to 
exposure to prostitutes. Cytomegalovirus 
grew from blood cultures. Ophthalmic 
examination revealed a best corrected 


visual acuity of 20/20— 2 OD and 20/ 
‘Zo 3 OS: Slit-lamp examination revealed 


fine keratic precipitates on the left corneal 
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endothelium, cells (2+) and flare in the left 
anterior chamber, and vitreous cells (3+). 
Findings from ophthalmoscopie examina- 
tion of the right eye were normal, but in 
the left eye there was an extensive area of 
CMY retinitis extending from the disc 
peripherally in a wedge-shaped fashion 
between the superior nasal and inferior 
nasal vascular arcades (Fig 1). The patient 
declined ganciclovir therapy for the CMV 


retinitis and elected to be treated with 4 


zidovudine at a dosage of 200 mg every 4 
hours. 

One month later, the borders of the 
retinal lesion had progressed in a superior 
direction, and the lesion now extended 
from a 7:30 to 10-o’clock position. Two 
months after initial presentation, the best 
corrected visual acuity OS was 20/100, but 
ophthalmoscopy revealed that the CMV 
retinitis had become inactive with only an 
atrophic and gliotic scar remaining. The 
borders of the lesion had not extended 
appreciably since the last visit and were 
now inactive without any whitening or 
edema. No new lesions were present and 
the right eye remained uninvolved. At 


d 


examination in December 1987, 7 months. A 


after presentation, the best corrected 
visual acuity OS was 20/80 —1. A left 
afferent pupillary defect was present. Oph- 
thalmoscopic findings were normal on the 
right and on the left revealed an 
unchanged area of atrophic and scarred 
retina nasally with no visibly active CMV 
retinitis (Fig 2). The left optic nerve was 
now pale. 

In February 1988, the eyes were noted to 
be stable, but in March 1988, ophthalmos- 
copy of the right eye showed a small, 400- 
to 500-um yellowish white lesion involving 
the fovea. The left retina was unchanged. 
The patient had been admitted to the hos- 
pital for seizures secondary to a possible 
central nervous system infection. À com- 


puted tomogram showed a left occipital « * 


lesion. On March 23, 1988, the patient died - 
of aspiration pneumonia. 
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Fig 1.—The ophthalmoscopic appearance of the posterior pole 
(left) and the nasal retina (right) of the left eye in April 1987. An area 
of retinal whitening and edema indicates active cytomegalovirus 





Fig 2.—The ophthalmoscopic appearance of healed retinitis of the posterior pole (left) and the nasal retina (right) of the left 


eye in December 1987. 


MATERIALS AND METHODS 


Both eyes were obtained within 48 hours 
of death, fixed in formaldehyde solution, 
and embedded in paraffin, and sections 
were obtained in a plane that included the 
pupil, optic nerve head, and macula. Sec- 
tions of the retina were evaluated for the 
presence of CMV DNA and herpes simplex 
virus, types I and II DNA (using in situ 
hybridization with a complementary DNA 
probe), and CMV antigens (using an anti- 
CMV monoclonal antibody and the immu- 
noperoxidase staining technique). 

The in situ hybridization was performed 
on deparaffinized sections incubated in 5% 
hydrogen peroxide in methyl alcohol to 
inactivate the endogenous peroxidase. The 
cell walls were digested with proteinase K 
(Boehringer-Manneheim, Indianapolis, 
Ind) at a concentration of 0.1 mg/L for 15 
minutes at 37°C. The sections were over- 
laid with 20 uL of the biotinylated comple- 
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plementary DNA probe (ENZO Bioche Inc, 
New York, NY) and hybridized at 92°C for 
3 minutes. The slides were cooled to room 
temperature for 60 minutes, exposed to 
formamide, and washed in 5 mmol/L of 
edetic acid. The probe was visualized using 
a streptavidin-biotin complex (Dako Inc, 
Santa Barbara, Calif), diaminobenzidine, 
and copper sulfate. The sections were coun- 
terstained with Giemsa. Both positive and 
negative controls were performed simulta- 
neously with the retinal sections.” 
Sections were also stained for CMV anti- 
gens using a commercially available mono- 
clonal antibody for early and late CMV 
antigens (DAKO-CMV, Dako Inc). Tissue 
sections were deparaffinized and digested 
with trypsin. The sections were incubated 
with 5% hydrogen peroxide in methyl alco- 
hol to inactivate the endogenous peroxi- 
dase. The tissue was incubated with 1:10 
dilution of the primary antibody followed 
by biotinylated horse anti-mouse IgG. The 


bound antibody was visualized with the 
avidin-biotin-complex method of immuno- 
peroxidase staining using diaminobenzi- 
dine, copper sulfate, and Giemsa counter- 
stain.^ Both positive and negative controls 
were performed simultaneously with the 
retinal sections. 
RESULTS 
General Autopsy Findings 

The lungs showed scattered Staph- 
ylococcus aureus intraparenchymal 
abscesses in the left upper and right 
lower lobes. The findings were consis- 
tent with an aspiration pneumonia. 
Special stains for Pneumocystis were 
negative. 

Central Nervous System 
Pathologic Findings 

Mild to moderate diffuse cortical 
atrophy was noted. A 3-cm soft 
necrotic cyst was present in the left 
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Fig 3.— Top, An area of acute retinal necrosis 
(between arrows) involving the macula of the 
right eye (hematoxylin-eosin, X90). Bottom, A 
higher-power view illustrates enlarged cells 
with intranuclear inclusion bodies (arrows) 
near a margin of an area of necrosis (hema- 


toxylin-eosin, X950). 


occipital cortex. Stains for bacteria, 
fungi, acid-fact bacilli, and Pneumo- 
cystis were negative. 


Ocular Pathologic Findings 


Gross examination of each eye dis- 
closed a posterior vitreous detach- 
ment. A 1.5-mm whitish thickening of 
the fovea was present in the right eye. 
A sector-shaped area of retinal atro- 
phy with variable scarring and pig- 
mentation extended from a point 
about 3 mm from the optic nerve head 
to the ora serrata nasally in the left 
eye. 

Microscopic examination of the 
right eye disclosed a normal anterior 
segment. In the center of the macula 
there was a 1-mm area of transretinal 
necrosis, the margins of which con- 
tained several large cells with mostly 
intranuclear (Fig 3) and some intracy- 
toplasmic eosinophilic inclusions. The 
subjacent retinal pigment epithelium 
(RPE) was intact, although rare pig- 
mented cells were present in the sub- 
retinal space. A few RPE cells were 
enlarged and contained cytoplasmic 
inclusions. A few foci of chronic 
inflammatory cells were present in 
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the subjacent choroid. The optic nerve 
in cross section and all other intraocu- 
lar structures were unremarkable. 
Examination of 125 serial sections 
through the plane of the pupil, optic 
nerve, and macula of the left eye 
disclosed a normal anterior segment. 
There were marked changes in the 
retina extending from near the optic 
nerve head to the ora serrata nasally. 
First, there was a 3-mm zone where 
the photoreceptor cell layer was 
slightly reduced and a thin epiretinal 
membrane with apparent contraction 
and wrinkling of the internal limiting 
membrane was present. The RPE in 
this area was intact. Next, there was a 
2-mm zone where the full-thickness 
retina was replaced by a dense fibro- 
cellular tissue with rare inflammato- 
ry cells and foci of hyperplastic RPE 
(Figs 4 and 5). The nasal midperipher- 
al retina was destroyed and replaced 
by fibrocellular tissue containing 
multilaminated basement membrane 
from apparent hyperplastic RPE (Fig 
5, top). The nasal peripheral retina 
was reduced to a thin fibrocellular 
strand (Fig 5, bottom). A few foci of 
pigmented cells were present in the 





nasal retina, but the RPE was largely 
absent. The nasal choroid was intact 
and had a slight scattering of lympho- 
cytes. 

The optic nerve head was partially 
atrophic nasally with loss of the orga- 
nization of nerve fiber bundles and 
columns of astrocytes. Cross sections 
of the optic nerve disclosed a sector- 
shaped area of partial atrophy as evi- 
denced by narrowing of the nerve 
fiber bundles, partial demyelination, 
gliosis, and mild thickening of the 
fibrovascular pial septae (Fig 6). This 
area of partial atrophy was located 
nasally and occupied approximately 
one fourth of the optic nerve area. 

In situ hybridization studies using a 
complementary DNA probe revealed 
the presence of CMV in the right eye 
(Fig 7) but not in the left. Staining of 
the retina with an anti-CMV mono- 
clonal antibody revealed the presence 
of CMV antigens in the right eye (Fig 
8) but not in the left. These results 
were consistent with the clinical and 
histopathologic results suggesting an 
inactive, atrophic, and gliotic lesion in 
the left eye but active CMV retinitis in 
the right. 
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Fig 4.— Top, The nasal 3 mm of peripapillary 
| retina of the left eye is relatively intact and has 
a delicate epiretinal membrane (arrowhead) 
associated with mild wrinkling of the internal 
limiting membrane. Anterior to this (left of 
arrow and bottom) is a 2-mm area where the 
retina is replaced by a dense fibrocellular 
tissue (periodic acid-Schiff, X30). Bottom, A 
higher-power view of an area of healed retini- 
| tis with replacement of the retina by a dense 
fibrocellular tissue (asterisk) containing foci of 
pigment. The choroid, Bruch's membrane 
(BM), and internal limiting membrane (arrow) 
are intact. A thin hypocellular epiretinal mem- 
brane (arrowhead) is present (periodic acid- 
Schiff, X300). 


COMMENT 


Cytomegalovirus retinitis, the most 
common intraocular infection in pa- 
tients with AIDS, occurs in approxi- 
mately 20% of such patients. Un- 
treated CMV retinitis appears to be a 
progressive and potentially blinding 
disorder in patients with AIDS.'* To 
the best of our knowledge, spontane- 
ous regression of CMV retinitis in 
patients with AIDS has not been 
reported. However, several open- 
labeled studies have reported that the 
investigational antiviral agent ganci- 
clovir appears to be an effective agent 
for the treatment of CMV retini- 
tis.!°2° 

Recently, zidovudine, an antiretro- 
viral agent, has been shown to prolong 
survival and decrease the frequency of 
opportunistic infections in patients 
with AIDS and symptomatic AIDS- 
related complex? The major toxic 
side effect of zidovudine is hematolog- 
ic, often limiting the dose of drug that 
can be given.” Because the most fre- 
quent and often dose-limiting toxic 
side effect of ganciclovir is also hema- 
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tologic,'^?? the two drugs are generally 
not given concurrently; patients 
treated with ganciclovir on the com- 
passionate care protocol currently in 
use are not simultaneously treated 
with zidovudine. Our patient, there- 
fore, elected to be treated with zidovu- 
dine rather than ganciclovir. While 
there was an initial increase in the 
size of the retinal lesion with an 
advancement of the borders and 
development of optic atrophy, there 
was a subsequent resolution of the 
visibly active CMV retinitis and 
arrest of the progression of the bor- 
ders. This remission was maintained 
for a period of 9 months. Unfortunate- 
ly, the patient’s visual acuity de- 
creased to the 20/80 level, presumably 
due to optic nerve damage. Immuno- 
peroxidase and in situ hybridization 
studies confirmed that the CMV reti- 
nitis in the left eye was inactive, as no 
evidence of CMV was found by either 
method. 

It is unlikely that this case repre- 
sents a spontaneous remission of CMV 
retinitis. To the best of our knowledge, 


no spontaneous remissions of CMV 
retinitis have been reported in 
patients with AIDS. In patients who 
have received transplants, reversal of 
the immunosuppression has been 
associated with regression of active 
CMV retinitis.’ It is possible that the 
response of the retinitis to zidovudine 
was due to an improved immune func- 
tion, although measurements of abso- 
lute CD4+ (helper) T-cell counts did 
not demonstrate any sustained im- 
provement with zidovudine therapy. 
However, the improvement in the 
absolute number of CD4+ T cells seen 
with zidovudine therapy is generally 
transient,” and we did not perform 
measurements early in the course of 
his disease. The patient did show 
overall clinical improvement after 
starting zidovudine therapy and sys- 
temic infections did not develop until 
he was preterminal. As zidovudine 
has no demonstrable in vitro activity 
against CMV (K. Biron, Burroughs 
Wellcome Co, oral communication, 
1980), it is unlikely that this repre- 
sents a direct antiviral effect on CMV. 
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Fig 5.— Top, A healed scar of the midperiph- 
ery of the nasal retina where the retina is 
destroyed and replaced by a fibrocellular tis- 
sue (between arrows) containing multilami- 
nated basement membrane from presumed 
hyperplasia of the retinal pigment epithelium 
(periodic acid- Schiff, X325). Bottom, The ret- 
ina in the periphery is reduced to a thin 
fibroglial strand (between arrows) (periodic 
acid- Schiff, X325). 
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Fig 6.—A cross section of the optic nerve with 
a nasal sector area of extensive atrophy 
(arrows) (Verhoeff-van Gieson, X30). 
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Fig 7.— Top, Large cytomegalic cells in the retina of the right eye 
infected with cytomegalovirus as identified by a complementary DNA 
probe (arrows) (diaminobenzidine and Giemsa, original magnification 
X200). Bottom, Infected cells are not present in the left eye (original 


magnification X200). 


A possible alternative explanation 
relates to the recent demonstration of 
infection of the retina by HIV-1 as re- 
ported by Pomerantz et al.” Skolnick 
et al" have shown “bidirectional 
interactions" between HIV-1 and 
CMV in vitro in which coinfection 
with both HIV and CMV results in 
increased replication of both viruses. 
It is conceivable that zidovudine inhi- 
bition of HIV replication in the retina 
also decreased the replication of CMV. 
Whether this mechanism was opera- 
tive remains to be proved. 

Recently, three patients with AIDS 
taking zidovudine or ribavirin or both 
had retinal lesions typical of inactive 
CMV retinitis.” Like our patient, none 
of these patients had taken ganciclo- 
vir. All of those patients whose cases 
had been reported had also received 
oral acyclovir sodium but at doses 
ineffective against CMV. Fay et al” 
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tion X200). 


postulated that the inactivity of the 
lesions might be due to improved 
immune status secondary to anti-HIV 
therapy, combinations of drugs hav- 
ing direct anti-CMV activity, or these 
lesions might represent herpetic reti- 
nitis, thus being treatable with oral 
acyclovir. D’Amico et al” have also 
reported a case similar to ours in 
which zidovudine therapy resulted in 
a remission of CMV retinitis. 
Finally, it should be emphasized 
that zidovudine is not effective in the 
majority of cases of CMV retinitis in 
patients with AIDS.? However, while 
ganciclovir remains the primary mode 
of treatment for CMV retinitis, zido- 
vudine treatment may also have an 
indirect and possibly beneficial effect 
in some patients. The long delay 
before disease response suggests that 
zidovudine would not be appropriate 
for treatment of macula-threatening 





Fig 8.—Top, The retina of the right eye has numerous cells infected 
with cytomegalovirus as detected with a monoclonal antibody and 
immunoperoxidase (arrows) (original magnification X200). Bottom, 
Stains of the left eye failed to identify infected cells (original magnifica- 


lesions. Further studies will be needed 
to determine what role zidovudine has 
in the management of CMV retinitis 
in the patient with AIDS. 


This investigation was supported by grants 
DK40618 and HL41514 from the US Department 
of Health and Human Services, Washington, 
DC. 
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€ As some ultraviolet (UV) radiation is 
ansmitted by the ocular media, there is a 
growing concern that there may be a 
.. possible relationship between long-term 
- exposure to ultraviolet radiation and 
<- increased risk of age-related macular 
n degeneration. To address this question, a 
irvey was conducted of 838 Maryland 
men who had well-characterized 
ai UV-A and UV-B exposure. Fundus 
aphs were taken and graded for 
nce of exudative disease, geograph- 
phy, focal hyperpigmentation of the 
| pigment epithelium, and drusen 
that were large and/or confluent. None of 
‘subjects in these analyses were 
.  aphakic. The results suggested that age- 
- related macular degeneration was not 
associated with cumulative exposure to 
'. either UV-A or UV-B. Age and the pres- 
ence of nuclear opacity were indepen- 
intly associated with an increased risk 
'acular degeneration. Thus, we found 
hakic subjects, even with high 
sunlight exposure, there was no 
of increased risk of age-related 
degeneration associated with 
A -A exposure. 
irch Ophthalmol 1989;107:875-879) 
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Exposure to Sunlight and Other Risk Factors for 
_ Age-Related Macular Degeneration 


Sheila K. West, PhD; Frank S. Rosenthal, PhD; Neil M. Bressler, MD; Susan B. Bressler, MD; 
Beatriz Munoz, MS; Stuart L. Fine, MD; Hugh R. Taylor, MD 


T possibility that light exposure 
may damage the retina has been a 
growing concern.’ Laboratory investi- 
gations in which intense light expo- 
sure was applied in animal models 
resulted in extensive damage to 
photoreceptor cells and the retinal 
pigment epithelium (RPE).'? In addi- 
tion, clinical reports noted RPE 
changes in association with exposure 
to light from operating-room micro- 
scopes* or after prolonged sun gaz- 
ing.? 


See aiso p 847. 


Wavelengths below 380 nm appear 
to be absorbed almost completely by 
anterior segment structures, but a 
significant proportion of wavelengths 
above 380 nm are transmitted to the 
retina. In adults, less than 1% of 
radiation below 340 nm and 2% of 
radiation between 340 and 360 nm 
reaches the retina. Above 380 nm, 
transmission increases as does the 
incident irradiance. At 400 nm, 10% of 
incident light is transmitted to the 
retina. Ambient irradiance at 400 nm 
is at least two orders of magnitude 
higher than irradiance at 300 nm. 

Long-wavelength ultraviolet (UV) 
and short-wavelength visible light 
may be particularly damaging to the 
retina. Ham et al’ found that retinal 
lesions in rhesus monkeys were pro- 
duced with blue laser light at thresh- 
old 800 times lower than when red 
laser light was used. 

Àn important publie health ques- 
tion can be raised about the potential 


hazard of long-term exposure to UV 


radiation and blue light in the: 8i 
cant population who have 
lenses. The possibility that long 
exposure to light may be a fa 
age-related macular degeneratio 
been raised, but as yet no conc 
evidence is available.” : 

One major problem in me 
a study to address this P 
























such a a. can an pb E 
increased risk of macular degenore 


cataracts among Maryland. wate 

men. This population has been wi 
characterized in terms of eumula 
personal exposure to UV light d 
the course of the project. The purpost 
of this analysis is to describe th 
association of photographically deter 
mined macular degeneration wit 
long-term exposure to UV radiatio: 


SUBJECTS AND METHODS | 
Population 











A total of 1203 eligible watermei 
identified from fishermen lie 
records on file with the Maryland 
Department of Natural Resources. Eligi 
ei criteria Tor te daon in n the sti 





















































8 6) participated in the 
ophthalmic examination and interview. To 
determine if the nonparticipants were sim- 
ilar to the participants, we selected a ran- 
dom sample of nonparticipants and made 
-every effort to interview and examine 
them. A comparison showed no statistical- 
dy significant differences between partici- 
-pants and nonparticipants in age, sunlight 
exposure, presence of lens opacities, and 
other variables, suggesting that the 70% 
‘sample was indeed representative of the 
eligible population. 

Of the 838 subjects, 782 (9395) had ste- 
reoscopic fundus photographs taken for 
the assessment of macular degeneration. 
The figure shows why some participants 
id not have photographs taken; the most 
juent problem was interviewing and 
mining subjects in their homes, where 
yhotographs could not be taken. A compar- 
ison of the characteristics of those without 

photographs and those with photographs 
`- showed that those without photographs 
< tended to be older, were more likely to 
. report having been a smoker, and had 
somewhat less cumulative UVB exposure 
~ (Table. 1) For these analyses, eight sub- 
. jects with bilateral aphakia were excluded 

and one subject with a good set of fundus 

photographs was excluded because of 
extensive retinal disease not associated 
with macular degeneration that precluded 
grading. 


TN Assessment of Macular Changes 


The grading scheme used to detect the 
component features of macular degenera- 
tion has been described in detail else- 
here.* In summary, the photographs were 
graded for the presence of exudative dis- 
. ease, presence of geographic atrophy, num- 
- ber of drusen within a 3000-um circle 
-. around the fovea, and the following drusen 
- characteristics: larger than 50 um, conflu- 
- ent, or associated with focal hyperpigmen- 
.tation. If only one eye had photographs, 
the individual was classified on the basis of 
E findings in the single eye; otherwise, he 
< was classified according to findings in his 
. worse eye. In our previous report, we 
showed the absence of bias in classifying 
- Subjects on the basis of photographs from 
only one eye? The grading scheme has been 
shown to be reliable and valid in our 
» population. ? 

-` For purposes of this article, we looked at 
` macular degeneration defined as grade 3 or 
worse, ie, the presence of exudative disease 
or geographic atrophy (nine subjects), or 
-the presence of any of the drusen charac- 
-teristics as described above (87 subjects). 


Photographic Quality 


- Only 13 subjects (2%) of the population 
with fundus photographs had photographs 
that could not be graded for macular 
ange (Figure). For most of these, severe 
ens opacities obscured macular details. 
‘Only 46 (6%) of all remaining 769 subjects 
"were categorized on the basis of photo- 
graphs whose quality was graded as "fair." 
(in “fair” photographs, one or more char- 

acteristics could not be graded.) 





). OF the 1203 3 eligible. 
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838 Eligible 

-27 Home Visits 
10 Medical Exclusion 
9 Refused Dilation 


2 Equipment Failure / Operator Failure 
8 Bilateral Aphakia 


782 With Photographs 
769 P di 


With at Least 1 
Adequate Photograph 


13 


Bilateral inadequate 
Photographs 





Reasons for absent photographs and poor-quality photographs. 


No. (96) by age, y 
30-49 
50-59 


60-69 


70+ 
“Ever. smoked, 
% yes* 
Any lens opacities, EEE ES 
% yes* 
“Average annual — — 
UV-B exposure, MSY? 


* Age-adjusted to total population. 
tUV indicates ultraviolet; MSY, Maryland Sun-Year. 


Photographs 





With Without 
Photographs 


"ea 


340 (97) 


158 (95) 
163 (92) 
ARTO o eee 













=0.42 






Age, y 


















` Table 2. .—Age-Specific Prevalence 
Within Quartiles of Cumulative Uttravi 


Quartile of Cumillative UV-B, Maryland Sun-Years 


0.43-0.75 














0.76-1.20 z-1.21 









30-50 14/144 (9.7) 6/ 101 (5.9) 4/75 (5.3) 1/147 (5.9) 

50-59 0/24 (0) 1/29 (3.5) 7/81 (13.7) 3/50 (6.0) 

60-69 2/15 (13.3) 8/40 (20.0) 6/39 (15.4) 5/57 (8.8) 

70+ 2/7 (28.6) 4/16 (25.0) 10/24 (41.6) 11/31 (35.5) 
Age-adjusted 

prevalence, % 10.4 10.4 13.2 9.7 





* Prevalences are given as number with macular degeneration /total number in category (percentage with 


macular degeneration). 


Data Collection 


Data on risk factors, including work 
history and skin characteristies such as 
freckling, were collected by personal inter- 
view at the time of the ocular and derma- 
tologic examination. An ophthalmic exam- 
ination was performed after pupillary dila- 
tion, and the type and severity of lens 
opacities were graded by means of a repro- 
ducible grading system described in detail 


elsewhere.'* A dermatologist conducted a 
clinical examination for the presence of 
elastotic degeneration on the face and 
presence of sun-related malignant and pre- 
malignant lesions. 

The personal ocular UV exposure index 
was constructed on the basis of interview 
data and laboratory and field measure- 
ments. This index and its components have , 


been described in detail elsewhere. >" In 


brief, field and laboratory investigations 
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0.48 
























30-50 13/136 (9.6) 7/117 (6.0) 
50-59 0/26 (0) 2/30 (6.7) 
60-69 4/20(20.0) 5/30 (16.7) 






3/8 (37.5) 









Age-adjusted 
prevalence, 96 


were combined with personal exposure his- 
tories to determine personal ocular expo- 
sure to UV-B. The personal exposure histo- 
ries, obtained in interviews, combined with 
published ambient UV-B data, determined 
the amount of ambient UV-B to which each 
^. subject was exposed. Field investigations, 
< using volunteers performing jobs both over 
-. water and over land, determined the ocular 
= ambient exposure ratio, defined as the 
loti d fraction of ambient UV-B expo- 





3 wearing spectacles or sunglasses. Measure- 
ments were made in both summer (June 
. through October) and winter (November 
through March) months and for subjects 
either wearing or not wearing brimmed 
hats." Personal ocular exposures were cor- 
. .. rected for the attenuation due to eyewear 
by combining each subject's history of 
eyewear use with laboratory measure- 
ments of the UV-B attenuation of typical 
spectacles. d 
c On the basis of these procedures, the 
q yearly ocular exposure to UV-B was calcu- 
: Jated for each individual for each year of 
$us life beyond the age of 15 years. The annual 
- . exposure was expressed as a proportion of 
Maryland sun-years (MSYs); one MSY is 
equal to the total ambient UV radiation at 
sea level in Maryland over one year. Ambi- 
ent UV radiation is defined as the irradi- 
ance of a horizontal surface under an unob- 
structed sky. As a comparison, Scotto et 
al determined that the annual ambient 
UV-B in Philadelphia was approximately 
2500 erythemal doses, which is equivalent 
proximately 95 J/cm. The watermen 
emonstrated a wide range of ocular expo- 
ure, from 0.001 to 0.074 MSY annually (the 
ximum possible annual exposure in 
Maryland is 0.09 MSY).' 
= To estimate UV-A exposure, a similar 
^. procedure was used. However, since ambi- 
- ^ ent UV-A information was not available, it 
was estimated by convoluting the spectral 
distribution of sunlight as a function of 
month, hour of the day, and geographic 
location" with two UV-A response spectra, 
.. designated UV-Al and UV-A2. The 
. response spectrum for UV-A1 was defined 
- . as uniform response between 320 and 340 
"nm and zero response outside this region; 
UV-A2 was defined as a uniform response 
tween 340 and 400 nm, with zero 
Outside this region. It was 
:d that the ocular ambient exposure 
or UV-A were identical to those 











































4/17 (23.5) 


0.84-1.30 z 1.31 =0.52 


4/71 (8.6) 1/13 (7.7) 12/133 (9.0) 
6/52 (11.5) 3/46 (6.5) 0/26 (0) 
4/44 (9.1) 8/57 (14.0) 4/22 (18.2) 


9/21 (42.9) 11/32 (34.5) 3/ 10 (30.0) 





* Prevalences are given as number with macular degeneration /total number in category (percentage with macular degeneration). 










Risk Factor 
— Nuclear opacity” 
Yes 


- “Ever smoked 
Yes 
No 





this age category was not included. 


determined for UV-B. The attenuation of 
UV-A by eyewear was estimated from lab- 
oratory measurements of typical specta- 
cles." 

The exposure index for UV-B was vali- 
dated by evaluating the association with 
UV-related dermal changes in the water- 
men. The association was significant when 
age was controlled for, suggesting that the 
UV index truly reflects exposure." 


Data Analyses 


All data were entered into a computer 
(IBM 4331) and analyzed by means of SAS 
programs (SAS Institute, Cary, NC). The 
UV exposure was separated into quartiles 
specific for each wavelength category, UV- 
Al (320 to 340 nm), UV-A2 (340 to 400 nm), 
and UV-B (290 to 320 nm). Age-adjusted 
prevalences were calculated using the age 
structure of the entire waterman popula- 
tion in this study. Logistic regression anal- 
yses were performed with SAS logistic 
procedures. Age and exposure were contin- 
uous variables, and 8 coefficients were 
calculated as estimates of risk. For dichot- 
omous variables, such as presence of nucle- 
ar opacity, an odds ratio was caleulated. 


Quartile of Cumulative UV-A, Maryland Sun-Years (UE 
Spectrum 1 (320-340 nm) 

ua a MPH IIO Hass Phe eH ene HH i, 

0.49-0.83 





9/117 7.7) — 4/79 (5.1) 0/8(0) 
2/31 (6.5) 6/51 (11.8) 6 (8.5) 
5/31(16.1) 4/40 (10.0) 


2/15 (13.3) 


Table 4. —Age-Adusted Preval ot 


Prevalence of 
Macular Degeneration, 96 


Spectrum 2 (340-400 nm) 


0.53-0.87 0.88-1.37 21.8 | 





9/23 (39.1) 





1/30 66) — 


* Only two cases of nuclear and two cases of cortical opacity occurred in the age group 30 to 50 years, so - 


RESULTS 


Neither cumulative UV-A exposure 
nor UV-B exposure was related to- 
macular degeneration, either within . 
age groups or after adjustment for . 
age (Tables 2 and 3). Other risk fac- - 
tors that were evaluated for an associ- ` 
ation with macular degeneration were | 
presence of nuclear or cortical opaci- . 
ty, pterygium, iris color, tendency to- 
freckle, and smoking (Table 4). A- 
decreased risk was associated with 3 
smoking and freckling, and an 
increased risk was associated with | 
nuclear opacities. : 

To control for the possible. con- x 
founding effects of these factors on — 
the risk of macular degeneration asso- 
ciated with UV light exposure, logistic 
regression analyses were performed . 
(Table 5). The model included the 
presence of cortical opacities and pte- 
rygium, because of our previous find- 
ing of an association between UV-B 
exposure and risk of these outcomes. ` 
The data were analyzed for both UV-B: 









Macular Degeneration—West etal 871 












Estimate 












posure was used. 


ds 2 Age, Y 









UU Ea degeneration). 


: and for UV-A exposure. Even when 

iese factors were controlled for, no 
ociation between cumulative UV-B 
V-A exposure and risk of macular 
eneration was observed. Age and 
presence of nuclear lens opacities 
significantly associated with an 
creased risk of macular degenera- 
tion, and the variable “ever smoked” 
was significantly associated with a 
-decreased risk of macular degenera- 
tion. The decreased risk associated 
^with a tendency to freckle was not 
.signifieant when other factors were 
- controlled for. Nine subjects had exu- 
dative disease or geographic atrophy, 
ihe most severe expression of macular 
: degeneration. The same analyses were 
run for this subgroup, and age was 
significantly related to increased risk 
of disease. The other regression coef- 
ficients were also in the same direc- 
tions as for the entire sample but were 
.. not significant, as would be expected 
> for such a small group. Regression 
<- analyses for those with high-risk 
"drusen characteristics alone resulted 





^ in coefficients. similar to those of the 
whole sa UP. 

The f E EET risk of 

macular tion associated with 


smoking was further investigated. No 


Contidence 
interval 


1.31-4.80 
0.35- 1.53 
0.85-2.93 
0.38-1.04 
0.30-0.95 


Feist c were run three times, once for UV-B and once for each band of UV-A. Log transformation of 


30-50 11/87 (12.6) 8/118 (6.8) 3/86 (3.5) 3/43 (7.0) 

50-59 2/22 (9.1) 3/24 (4.2) 1/44 (2.3) 7/63 (11.1) 

60-69 4/23 (17.4) 4/27 (14.8) 6/38 (15.8) 7/60 (11.7) 
_ 70+ __ 8/17 (85.3) 1/10 (10) 6/13 (46.1) 13/37 (35.1) 
. Age-adjusted 

prevalence, % 15.3 7.3 5.0 11.9 





* Prevalences are given as number with macular degeneration / total number in category (percentage with 


95% 
Confidence 
interval P 


—0.53-0.20 
—0.59-0.21 
—0.60-0.22 
0.01-0.06 


Regression 
Coefficient * 
—0.17 
—0.19 


—0.19 
0.03 
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clear dose-response relationship was 
demonstrated; the difference was 
most marked between smokers and 
nonsmokers (Table 6). 


COMMENT 


These data do not support an associ- 
ation between UV exposure (either 
UV-B or UV-A) and any increased 
risk of age-related macular degenera- 
tion in a phakic population. 

In this study, careful attention was 
paid to calculation of the ocular expo- 
sure to UV radiation for each individ- 
ual. We validated our exposure mea- 
sure against dermal actinie changes 
and sun-related dermal malignancies, 
and found a clear dose-response rela- 
tionship to these diseases known to be 
associated with UV light. We also 
found an association in this popula- 
tion between cortical lens opacities 
and UV light, validating the prelimi- 
nary findings of others.'*"? Thus, our 
measure of cumulative UV light expo- 
sure appears to behave well in terms 
of defining risk for known sun-related 
damage. 

The question arises as to the appro- 
priateness of our definition of age- 
related macular degeneration and 
whether subjects without disease 
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can 










tation. These characteristics were 
identified from previous studies as | 
indicating an increased risk for the ` 
development of vision loss.» 

We did not include a criterion of 
visual loss in our definition of disease 
because we wished to evaluate risk 
factors for the earliest fundus 
changes, as close to the onset of dis- 
ease as possible. By defining subjects 
with macular degeneration as those 
with “high-risk” drusen characteris- 
tics, we have identified a subsample of 
our population with clearly abnormal 
fundus changes who are at greatest 
risk of progressing to visually dis- 
abling macular degeneration. Analy- 
ses were not done specific for each 
type of drusen characteristic because 
of our finding that most subjects had 
more than one characteristic.’ For 
example, only four subjects had con- 
fluent drusen alone, without large 
drusen. 

These results do not address the 
question of the risk of macular dam- 
age in aphakic men, as all the water- 
men in these analyses had intact 
lenses. Further research may be war- 
ranted on the risk of retinal damage , 
from UV exposure in patients who are ' 
aphakic. Moreover, only men were 
included in our survey, which was 
based on an occupational group that 
included men almost exclusively, 
although there is no reason to believe 
that women are at a different risk of 
macular degeneration than men 
are.^ 

These data do suggest that in sub- 
jects with natural lenses there is no 
association between long-term expo- 
sure to UV-B or UV-A and risk of 
age-related macular degeneration. 
Studies relating experimental light 
exposure to photoreceptor damage. 
and atrophy of the RPE should not 
necessarily be extrapolated to imply 
that light is a major factor in the 
etiology of macular degeneration.? 
similarly, retinal damage can occur in 
an aphakic eye from exposure to an 
operating microscope, although that 
does not necessarily mean that light is 
involved in the pathogenesis of macu- 
lar degeneration. No experimental 
study has shown that light exposure 
produce the  histopathologic 
changes of drusen, diffuse thickening 
of Bruch’s membrane, or choroidal 
neovascular membranes seen in the 
clinicopathologic studies of age-relat- +- 
ed macular degeneration." Our data — 
do not papport. the es that long- 
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Every day more surgeons are witnessing the 
Viscoat"' viscoelastic solution phenomenon... 
corneal coverage during phacoemulsification. ! 


Perhaps that's why Viscoat” is the fastest grow- 
ing viscoelastic among phaco surgeons.? 


But what does Viscoat^S corneal coverage 
mean to you? 


Simply stated, the use of Viscoat" can result in 
unsurpassed cell protection.!? Other viscoelastics 
just don't remain in place long enough to cushion 
against the forces of phaco turbulence.! 
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Viscoat , on the other hand, remains on the 
corneal endothelium throughout phacoemulsifica- 
tion and lens implantation, and its high viscosity 
is able to act as a buffer against trauma.? 


If your viscoelastic solution doesn't stem the 
tide of phaco turbulence, turn to Viscoat"—the 
Phacoelastic™ solution for phacoemulsification. 


To request an evaluation of Viscoat a video- 
tape of Viscoat" taming phaco turbulence, or a bro- 
chure, call Alcon Surgical, Inc. at 1-800-654-6243; 
in Washington State call 1-800-562-3299. t- 
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ONS: VISCOAT® is indicated for use 
l aid in anterior segment procedures 
ng cataract extraction and intraocular lens 
tion. VISCOAT® maintains a deep cham- 
uri g anterior segment surgeries, enhances 
tion during the surgical procedure, and 
he corneal endothelium and other ocular 
The viscoelasticity of the solution maintains 
yrmal position of the vitreous face, thus pre- 
ting | formation of a postoperative flat chamber. 





ONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
VISCOAT* when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
edure being performed. Although sodium 
yaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent i in the use of any biological material. 


-ADVERSE REACTIONS: VISCOAT® has been 

extremely well tolerated in human and animal 
_ studies. A transient rise in intraocular pressure 
ay be expected due to the presence of sodium hya- 
luronate, which has been shown to effect such a 
rise (9.8957 25 mmHg during 1-3 days after 
surgery in human clinical trials). 


HOW SUPPLIED: VISCOAT* is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately 


: FOR INTRAOCULAR USE. 
. Both VISCOAT® and cannula are for single 
use only. 
-Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


- CAUTION: Federal law restricts this device to 
`- sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Bellevue, Washington 98008-5496 
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The University of Pennsylvania School 
of Medicine, Department of Ophthal- 
mology, invites applications for full- 
time faculty positions beginning on or 
about July 1, 1989. 


We are seeking: Board-certified, fel- 
lowship-trained ophthalmologists with 
both clinical and research interests as 
well as general ophthalmologists who 
are Board-certified. 


The University of Pennsylvania is an 
equal opportunity employer. For each 
academic position, salary is commen- 
surate with experience and qualifica- 
tion. Please submit a letter of applica- 
tion together with a curriculum vitae 
and bibliography to: 

William C. Frayer, M.D. 
Professor and Acting Chairman 
Department of Ophthalmology 

Scheie Eye Institute 
51 N. 39th Street 
Philadelphia, PA 19104 


























THE DEPARTMENTS OF 
OPHTHALMOLOGY AND 
NEUROLOGY 
UNIVERSITY OF MICHIGAN 


Neuro-ophthalmology Fellow- 

ship. Position for one-year 

period, July 1, 1990 to June 

30, 1991. Trainee appointed 

as a Lecturer with stipend and 

fringe benefits. Inquiries (be- 

fore August 31, 1989) to: 

Jonathan D. Trobe, M.D., W.K. 

Kellogg Eye Center, 1000 Wall 

Street, Ann Arbor, MI. 48105. 

The University of Michigan. is. 
an affirmative. action 1 employ- | 
er. 
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. fluoropolymer (silicone-free) 
. material delivers a degree of 
.. corneal health that rivals that 
» Of the lens-free eye. Yet still 


provides the short- and long- 
.. term comfort so important to 


your patients. 


. Virtually "lens-free" 
performance: a new 
measure of corneal 
health. 

Oxygen transmissibility is a 
familiar term. But virtually 
. "Jens-free" performance is 

unique to the ALLERGAN 
.. ADVENT Lens. 


. Its Dk value is 100! which 
helps translate to overnight 
corneal swelling of only 
1%-2% above baseline for 
the lens-free eye? That's 
significantly less than 
the 696-1296 swelling 
experienced with other 


_ ALLERGAN OPTICAL 


"A D ‘sion of Allergan, Inc., Irvine, CA 92713 


@ 1020 Alleraan Inc 


Its Sevofutioflary new flexible. i 










Less overnight eo careat dwell 
confirms virtually "lens-free" 
performance. 


Visual acuity and 
comfort combined: 

a healthy way to 
encourage successful 
lens wear. 


The ALLERGAN ADVENT Lens 
combines the best benefits of 
hydrophilic, silicone acrylate 
and fluorosilicone acrylate 
lenses. Yet avoids the 
drawbacks unavoidable with 
those conventional contacts. 


Flexibility and a unique 
design help maximize 
patient comfort. A high 
degree of deposit resistance, 
good visual acuity and good 
wettability also are 


n comfort and virtu à 
— free" corneal physiol 


Contact Lens. © 
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the new ALLERGAN / DV 


Begin fitting the 


ALLERGAN  . 

ADVENT Lens 

today and give 

your patients a m 
better start Flexibiltyand — 
toward long- Mea 
term ocular provide good 
health. patient comfort. — 
Too good to consider 
anything less. 





Developed and manufactured by 3M. 


1. Dk = 106 x 10-!!(cm2/sec) (ml 02/ml x mm Hg), - 
Holden, Brennan, Efron. 

Dk = 170 x 10! (cm2/sec) (ml 02/ml x mm Hg), 
Irving Fatt, Ph.D. 

Dk = 95 x 10-!! (cm2/sec) (ml 02/ml x mm "e 
1987 Revised Fatt. 
2. Dataon file, Allergan, Inc. 
3. Holden BA, Mertz GW, McNally JJ. Corneal 
swelling response to contact lens worn under — 
extended wear conditions. Invest Ophthalmol © 
Vis Sci 1983;24:218-226. 
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Chloroaluminum sulfonated phthalo- 
yanine (CASPc), a novel photosensitizing 
ye, was evaluated for treatment of 
imental intraocular melanoma in 33 
bbit eyes. An argon ion pumped dye 
operating at an emission of 675 nm, 
as used in a nonthermal mode to irradi- 
e iris tumors in rabbits 24 hours after 
they received an intravenous dye injec- 
tion (23 eyes). The effects of laser irradi- 
ion alone and dye alone were examined 
in ten control eyes. A threshold tumorici- 
dal dose ‘was established for photody- 
namic therapy with CASPc and laser irra- 
diation. Vascular occlusion was produced 
na: well-circumscribed area correspond- 
ing to the. boundaries of laser irradiation 
ter CASPc injection. Tumors successful- 
ly. treated ‘with CASPc and laser irradia- 
yn were arrested in growth and exhib- 
jd no viable tumor cells on histologic 
ex mination. Control tumors continued 
growth, unaffected by dye or laser. 
ata indicate that CASPc demon- 
s a strong photosensitizing effect 
on oth. tumor and normal tissue. These 
sults suggest that CASPc is a potentiai 
photosensitizing compound that may be 
useful in the treatment of choroidal mela- 
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tively retained in malignant tissue. 
Photoactivation is then achieved with 
light of an appropriate wavelength, 
where the dye reacts either directly 
with tissue components or molecular 
oxygen, producing a nonthermal cyto- 
toxic effect. Studies evaluating PDT 
for treatment of malignant tumors 
have largely used hematoporphyrin 
derivative (HPD) as the photosensi- 
tizing agent.^ Limitations of HPD 
have included suboptimal tissue pene- 
tration of its maximum excitation 
wavelength, as well as a variable 
chemical composition." 

We have selected the phthalocya- 
nines as an alternative group of 
agents for PDT. The phthalocyanines 
have a strong absorption band at 675 
nm, which allows increased light pen- 
etration in tissue as compared with 
HPD.* They are selectively retained in 
tumors," have a well-defined chemi- 
cal structure, have a high chemical 
stability, and have a low systemic 
toxicity.'^^ Previous investigators 
have demonstrated the aluminum tet- 
rasulfonated form to produce one of 
the highest degrees of photosensitiza- 
tion of the various phthalocyanines, 
as well as of other compounds that 
were studied. 

The purpose of our study was to 
evaluate the effects of PDT with chlo- 
roaluminum sulfonated phthalocya- 
nine (CASPc) (CIBA-GEIGY, Greens- 
boro, NC) on iris-implanted Greene 
cell-line melanoma in rabbit eyes. 
Both toxic effects on normal ocular 
structures and threshold tumoricidal 
doses were investigated. 


MATERIALS AND METHODS 
Maintenance and Impiantation of the 
. Tumor Model 


The anterior chamber model of Greene” 


“melanoma was maintained by serial pas- 
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perimental Intraocular Melanoma Using 


hloroaluminum Sulfonated Phthalocyanine 


A. Pansdópoulos, MD; Paul P. Svitra, MD; Carmen A. Puliafito, MD; Evangelos S. Gragoudas, MD 


sage in the eyes of New Zealand albino 
rabbits. All animals were anesthetized 
with an intramuscular injection of 0.75 
mL/kg of ketamine hydrochloride (100 
mg/mL) and xylazine hydrochloride (20 
mg/mL) in a 1:1 solution. The donor ani- 
mal was sacrificed when the tumor had 
occupied approximately half of the anteri- 
or chamber. The cornea was then incised 
and tumor nodules were excised from the 
iris surface. A lid speculum was placed, 
and using the surgical microscope, a 1-mm 
incision was made superiorly at the limbus 
with a Ziegler knife. The tumor was 
implanted on the iris by means of an 
18-gauge needle loaded with a tumor nod- 
ule, which was inserted through the inci- 
sion. The tumor fragment was expressed 
from the needle by gentle pressure on a 
saline solution-filled syringe. The incision 
was then sealed, and the anterior chamber 
re-formed within hours. Growth of these 
implants was followed up by using slit- 


lamp biomicroscopy and photography. The — 


fragments increased in size and became 
vascularized in five to eight days. The iris. 
nodule enlarged at a rate of approximately 
1 mm/d, which had also been noted by 
previous investigators." Tumors grew to 
fill half of the anterior chamber in ten to 
14 days. 


Photosensitizer 


Chloroaluminum sulfonated phthalocya- 
nine was injected intravenously via an ear 
vein at a dose of 5 mg/kg of body weight, in 
a 0.9% saline solution. 


Phototherapy 
The argon ion pumped dye laser (Model 


375B, Spectra Physics Ine, Mountainview, _ . 
Calif) was used, emitting red light at 675 
nm. Light was transmitted through a 50- . — 


um quartz optical fiber, producing a diver- 
gent beam of light. The desired irradiance 
was achieved by calculating the power 
output in relation to the area covered by 
the light at a. fixed distance. The irradiance 
Gin milliwatts. per. square centimeter) and 
duration of irradiation v were varied i in dif- 
ferent subjects. . i. 
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Fig 1.— Tumor response to treatment with photodynamic therapy using chloroaluminum sulfo- 
nated phthalocyanine (5 mg/kg) at different doses of laser irradiation (23 eyes). 
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Fig 2.—Tumor growth after photodynamic therapy (PDT) compared with control eyes that were 
treated using chloroaluminum sulfonated phthalocyanine dye injection or laser irradiation 


alone. 


Preliminary treatments were conducted 
with variables of laser power (63 to 216 
mW/cm? for 7.5 to ten minutes) and dye 
dose (16 to 30 mg/kg of body weight) that 
were used by other investigators for non- 
ocular tumors.'^ These were found to con- 
. sistently result in hyphema, and, there- 
fore, we selected lower doses of photora- 
diation and photosensitizing dye for the 
experimental groups. 

A total of 33 tumor-bearing eyes were 
included in the experimental groups. 
Twenty-three eyes received laser irradia- 
tion following dye injection. Control 
tumor-bearing animals received laser irra- 
diation but no dye (six eyes), or dye injec- 
tion only without subsequent laser irradia- 
tion (four eyes). Four eyes without tumors 
were treated with laser irradiation of the 
iris to study resulting normal tissue reac- 
tions, both with and without dye injec- 
tion. 

All eyes implanted with fragments of 
Greene melanoma yielded tumor nodules 
with documented growth between five and 
eight days after implantation. Tumor 
diameter at the time of entry into the 
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experimental groups ranged from a mini- 
mum of 2.5 mm to a maximum of 4.5 mm 
(mean tumor diameter, 3.36 mm; variance, 
0.45 mm). At that time, the rabbits 
received the intravenous injection of 
CASPc (5 mg/kg). Twenty-four hours after 
injection, the entire tumor nodule, as well 
as a l-mm margin of normal iris, received 
laser irradiation. Irradiance ranged from 
10 to 63 mW/cm?, and total delivered doses 
of light ranged from 3 to 60 J/cm’. 

The median follow-up time for all 
tumors treated with PDT was ten days, 
with a range of four to 15 days. By this 
time, small secondary nodules were usually 
found in nontreated areas of the iris. These 
secondary nodules were probably derived 
from small tumor fragments dispersed in 
the aqueous humor during the implanta- 
tion procedure. The median follow-up time 
for control tumors that were treated with 
either dye or laser alone was five days, as 
these tumors continued to grow quickly 
and fill the anterior chamber. 

Tumor size, growth rate, and appearance 
were followed up before and after treat- 
ment by slit-lamp photography. Anterior 


segment fluorescein angiography was per- 


formed in selected cases with a fundus 
camera (CF-60ZA, Canon, Lake Success, 
NY), using 0.15 mL of 10% fluorescein 
sodium injected via the ear vein of the 
anesthetized rabbits. 


Histopathologic Examination 


All eyes were evaluated by histopatho- 
logic examination. Immediately following 
enucleation, the eyes were fixed in buff- 
ered 10% formaldehyde. After fixation, 
the eyes were sectioned using a dissecting 
microscope, isolating the tissue of interest 
for embedding. Tissues to be examined 
were dehydrated in a series of graded 
alcohols, infiltrated, and then embedded in 
JB-4 plastic (Polysciences Inc, Warrington, 
Pa). Three-micron sections were serially 
cut and stained with either hematoxylin- 
eosin or Stevenol's blue. 


RESULTS 


Of the 23 treated tumor-bearing 
eyes, 15 responded to the treatment 
(irradiance, 15 to 50 mW/cm?’; expo- 
sure, 10 to 30 J/cm’), showing arrest 
of the tumor growth with no regrowth 
apparent on clinical observation (Figs 
1 and 2). Four rabbits showed an 
initial favorable response, but re- 
growth of the tumor started after the 
fourth day following treatment (irra- 
diance, 10 to 48 mW/em?; exposure, 3 
to 10 J/cm’). Four eyes showed ar- 
rested tumor growth after treatment, 
but developed hyphema and severe 
inflammation of the anterior segment 
(irradiance, 50 to 68 mW/em?; expo- 
sure, 57 to 60 J/cm’). 

Immediately after treatment, only 
a visible pallor of the iris surrounding 
the tumor was present (Fig 3, top left 
and top right). An examination 24 
hours after PDT revealed a pale and 
slightly enlarged tumor. A fibrinous 
veil developed in the aqueous humor 
over the tumor, and small hemor- 
rhages were present on the treated 
iris surrounding the tumor. The cor- 
nea anterior to the tumor developed 
edema, especially in the higher doses 
of irradiation (57 to 60 J/cm?), which 
largely cleared in the subsequent 
days. After ten days, there was 
increased pallor of the tumor without 
enlargement (Fig 3, bottom left and 
bottom right). 

Six control eyes were treated with 
laser irradiation (irradiance, 40 to 
104 mW/cm? from five to ten minutes; 
exposure, 10 to 63 J/cm?) and no dye 
injection. There was no visible reac- 
tion, and the tumor growth continued 
to fill 50% of the anterior chamber 
five days after treatment (Fig 4, top 
left and top right). Four eyes received 
CASPe but no irradiation, in which 
tumor growth was similarly unaltered 
(Fig 4, bottom left and bottom right). 
The differences in size between PDT- 
treated tumors and control tumors 
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were found to be significant when 
compared at follow-up times of three 
days (P « .05), five days (P « .01), and 
nine days (P « .001) by applying the 
Student ¢ test. Two normal irides 
were irradiated without dye injection 
with 48 and 104 mW/cm' for five and 
ten minutes, respectively (exposure, 
14 and 62 J/cm"), with no visible reac- 
tion. Two normal irides that were 
irradiated after dye administration 
(irradiance, 25 mW /em:; exposure, 15 
J/cm?) showed a prominent, well-cir- 
cumscribed iris reaction, exhibiting 
pallor and edema in the treated 
area. 
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Fluorescein angiography of the 
untreated tumor revealed a highly 
vascularized surface, with a diffuse 
hyperfluorescence of the nodule (Fig 
5). Angiography 20 minutes after 
PDT, as well as five days later, 
showed a pronounced hypofluores- 
cence of the tumor, indicating nonper- 
fusion (Fig 6). Studies of the normal 
iris receiving PDT similarly revealed 
nonperfusion of both capillaries and 
large vessels in the area correspond- 
ing to treatment. 

Histopathologic examination of 
Greene melanoma in untreated eyes 
revealed epithelioid cells, with pleo- 


Fig 3.—Photoradiation 24 
hours after dye injection. Top 
left, Appearance of iris melano- 
ma before treatment. Top right, 
immediately after treatment 
tumor appears unchanged and 
is surrounded by sector of iris 
pallor. Four days after treat- 
ment (bottom left) and ten days 
after treatment (bottom right) 
tumor appears pale and necrot- 
ic, with no increase in size. 


seen immediately before treat- 
ment with laser but no dye injec- 
tion. Top right, Tumor grows 
rapidly to largely fill anterior 
chamber five days later. Bottom 
left and bottom right, injection of 
dye with no laser treatment also 
resulted in rapid growth over 
five days. 


morphic nuclei, large nucleoli, and 
numerous mitoses (Fig 7). Small areas 
of necrosis were present away from 
blood vessels, and the tumor would 
invade and replace the iris and ciliary 
body. Histiocytes and mononuclear 
inflammatory cells were present in 
tissues adjacent to the tumor. Tumors 
receiving either dye alone or laser 
irradiation alone exhibited a histolog- 
ie pattern similar to untreated control 
tumors. 

In tumors that were considered 


clinically regressed, treated zones . 


showed areas of complete coagulative 
necrosis with eosinophilia and pyk- 
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Fig 4.—Top left, Iris tumor as 4 





E 


Fig 5.—Fluorescein angiogram of untreated amelanotic melanoma 


shows diffuse perfusion of tumor vasculature. 


Fig 7.—Light micrograph shows section of tumor tissue receiving 
photoradiation without dye injection and exhibits melanoma cells with 
large pleomorphic nuclei and numerous mitoses (hematoxylin-eosin, 


original magnification X400). 


notic nuclei, as well as amorphous 
basophilic nuclear debris (Fig 8). Out- 
lines of coagulated blood vessels filled 
with closely packed erythrocytes and 
fibrin networks were also visible. No 
viable tumor cells were seen in these 
regions. Adjacent to treated areas 
were nests of viable tumor cells with 
mitotic figures, extending superficial- 
ly onto the necrotic zones. The cornea 
was vascularized and infiltrated with 
inflammatory cells when either 
treated or untreated tumors were in 
contact with the endothelium. 


COMMENT 


Our results show that PDT with 
CASPc is effective in local control of 
the Greene hamster melanoma grow- 
ing in the anterior chamber of albino 
rabbits. A visible reaction was noted 
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Fig 6.—Fluorescein angiogram of iris melanoma five days after 


chloroaluminum sulfonated phthalocyanine photodynamic therapy 
shows nonperfusion of tumor vasculature as well as treated surround- 


ing iris. 


even with the lowest doses of photora- 
diation and dye injection (10 m W/cm? 
for five minutes, 5 mg/kg of CASPc), 
although these tumors eventually 
regrew. The dose range suitable for 
ophthalmic treatment was substan- 
tially below the doses that other 
investigators have used to produce 
control of tumors in other organs, 
such as the EMT-6 mammary tumor 
in the lower back of BALB/c mice," 
and C,H/T:f mammary carcinoma on 
the hind limb of C,D,F, mice." 

Our preliminary treatments with 
doses of CASPe (20 to 30 mg/kg) and 
photoradiation (63 to 216 mW/cm? for 
7.5 to 15 minutes) produced immediate 
pallor in the tumor and surrounding 
iris, followed by anterior chamber 
hemorrhage and a severe anterior 
uveitis leading to corneal opacifica- 
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Fig 8.—Light micrograph shows section of tumor tissue six days after 
photodynamic therapy and exhibits amorphous coagulative necrosis 
with pyknotic nuclei as well as amorphous basophilic debris. Clotted 
blood vessels are present (hematoxylin-eosin, original magnification 
X 400). 


tion and hypotony of the globe. Using 
5 mg/kg of dye and photoradiation 
ranging from 10 to 63 mW/em"? for 
three to 20 minutes, tumor growth 
was arrested. Fluorescein angiogra- 
phy revealed nonperfusion of the sur- 
face vessels, which persisted on fol- 
low-up. Histopathologic examination 
revealed necrosis without presence of 
viable-appearing tumor cells. No 
adverse effects to ocular structures 
outside the treated area were noted. A 
strong photosensitizing effect was 
present using these reduced concen- 
trations of CASPc. A further lowering 
of the CASPc dose may be possible, as 
suggested by other investigators," 
which could reduce potential systemic 
toxicity while preserving photosensi- 
tizing effects. 

The mechanism of phthalocyanine 
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| components | or react with molecular 
.oxygen to produce cytotoxic singlets 
-and free radicals..*? The effects on 
tumors are both by damage to the 
- vascular endothelium and by direct 
cytotoxicity to tumor cells. "+2 In our 
. experimental tumor model, histopath- 
ologic examination revealed a similar 
process, with vaseular closure and 
tumor necrosis. The aqueous humor is 
capable of providing a supportive 
-. medium for growth, even if there is no 
. direct vascular supply, as is seen in 
anterior chamber implantation. No 
histologic evidence of viable tumor 
. cells in successfully treated eyes on 
. clinical follow-up of up to 15 days 
. strongly supports total destruction of 
| this rapidly growing tumor. 
:'^^ Previous investigations have shown 
` that the peak accumulation of CASPe 
in tumors oceurs within 24 to 48 hours 
of injection.” To our knowledge, no 
prior work has been reported concern- 
ing AlsPe and the Greene hamster 
©. melanoma. Studies that compared 
-concentration of CASPe in other 
transplantable tumors with normal 
tissues have found a ratio range of 2:1 
to 3:1. In a brain containing a glioma, 
the ratio was 28:1. All of the tumors 
studied reached accumulation peaks 
at 24 to 48 hours after intravenous 
administration of CASPe, compared 
with peaks of one to three hours in the 
. normal tissues.'^'' The photosensitiz- 
- ing effect was notable in our results, 
bos on the tumor and on the normal 
ability of animal tissues to 
T .dye should not be directly 
ex! apolated to human tumors. How- 
-€ -darge therapeutic ratio 
le ien effects on malignant and nor- 
issue may not be essential in 
ent of intraocular tumors, 
laser irradiation can be applied 
remely. localized areas. 
rmal effects on tissue with 
wavel ngths i in the red region of visi- 
ble lig ht have been reported to be 
negligible at power densities below 
:100 mW/cm?.!^?2 Power densities of 
approximately 50 mW/em? were uti- 
ed in these studies to prevent heat- 
ng of treated regions. In our tumor 
model, power as high as 104 mW/cm? 
for ten minutes showed no visible 
‘reaction, verified by unchanged fluo- 
rescein angiographic and histopatho- 
logic xamination findings both in 
normal irides and in iris-implanted 
tumors. Our results suggest that ther- 
mal effects were not substantial at 
irradiance levels ranging from 10 to 
..63 mW/em! in causing vascular non- 
perfusion and tumor necrosis. 











-effects of the phthalocyanines i is pres- 
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ently limited to data derived from 
nonhuman studies. Doses of up to 100 
mg/kg were tolerated in a variety of 
mammalian species.“ Spikes," in a 
review of the literature, reported low 
toxicity of the phthalocyanines, 
including data that 5000 mg/kg in five 
divided doses did not affect survival 
or reproductive capacity in mice. The 
systemic administration of porphy- 
rins has yielded no side effects, except 
for skin photosensitivity, as demon- 
strated in several thousand patients.” 
Similar effects could be projected for 
systemic administration of CASPze, 
although no human trials have been 
reported to date. 

In conclusion, our study indicated 
that CASPc PDT is capable of eradi- 
cating Greene melanoma growing in a 
rabbit iris model, with acceptable tox- 
icity to normal ocular structures. The 
anterior chamber tumor model is lim- 
ited in anatomic relationship to a 
choroidal tumor. However, it yields 
important information regarding the 
tolerance of ocular structures to the 
deposition of energy in the eye, as well 
as providing a biomicroscopie evalua- 
tion of the response of neoplastic tis- 
sue to therapy. The longer photoacti- 
vating wavelength and well-defined 
chemical composition of CASPe may 
be advantageous over photosensitiz- 
ers being presently studied, such as 
HPD. 

Further studies evaluating the use 
of CASPc PDT in the posterior pole of 
the eye, as well as in pigmented 
tumors, are necessary to determine if 
this modality may be useful as an 
adjunct to present therapy for choroi- 
dal melanoma. 
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Intraocular recombinant DNA human 
issue-type plasminogen activator (tPA) 
n promote rapid resolution of intraocu- 
lar fibrin clots and hyphema. The efficacy 
s of intravitreal tPA in promoting the short- 
. . term clearance of vitreous hemorrhage 
-. was investigated. Five treatment groups 
with experimentally induced vitreous 
hemorrhage were studied. The extent of 

the vitreous hemorrhage was graded 
“based on the visibility of retinal details in 
each quadrant. Two weeks following 
 intravitreal tPA injection (50000 IU), the 
_nonvitrectomized group and gas vitrecto- 
my groups, each of which received a 
“single tPA injection, showed a statistically 
significant reduction of the vitreous hem- 
.orrhage, although this was thought to 
epresent only a modest clinical effect. 
: ictional retinal detachments were 
> noted to develop more frequently in tPA- 
treated eyes as compared with controls. 

(Arch Ophthalmol 1989; 107:89 1-894) 































[Tuman tissue plasminogen activa- 
* tor (tPA) produces highly selec- 
lysis of fibrin clots and appears to 
ve advantages over other fibrino- 
tic agents, such as streptokinase and 
okinase. Intraocular injection of 
«human tPA produces prompt resolu- 
— tion of experimental postoperative 
^ dntraoeular fibrin exudation.? Also, 
intraocular injection of tPA produces 
more rapid resolution of experimental 
- hyphema.’ Systemic injection of tPA 
. . has also been shown to produce reso- 
-< lution of retinal arteriole occlusions in 
-arat model of laser-induced arteriole 
rombosis.’ To our knowledge, no tox- 
effects associated with intra- 
injections of tPA have been 
trated with ophthalmoscopy, 
ogy, electrophysiology, and cor- 
al thickness measurements.'* 
The efficacy of intravitreal tPA in 
.he treatment of vitreous hemorrhage 
| is not known. Previous work with oth- 
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of Experimental Vitreous Hemorrhage 


3 b rt N. Johnson, MD; Karl R. Olsen, MD; Eleut Hernandez 


er fibrinolytic agents, eg, urokinase 
and streptokinase, has shown toxic 
side effects and variable efficacy.” 
We investigated the treatment of 
experimental vitreous hemorrhage 
with intravitreal tPA injections. 


MATERIALS AND METHODS 


New Zealand white rabbits were utilized 
in this study. The animals were anesthe- 
tized with a combined intramuscular injec- 
tion of xylazine hydrochloride and keta- 
mine hydrochloride. There were a total of 
five experimental groups. Group 1 had no 
previous ocular surgery (nonvitrectom- 
ized). Groups 2 and 3 underwent “gas 
vitrectomy.” This was accomplished by a 
0.4-mL intravitreal injection of 100% per- 
fluoropropane that was allowed to expand 
for 72 hours after which time it. was 
removed. The eye was then allowed to rest 
for two weeks. Groups 4 and 5 underwent 
lensectomy and vitrectomy two weeks 
before further interventions. 

The vitreous hemorrhage was produced 
by intravitreal injection of autologous 
blood obtained by intracardiac puncture. 
This was used to achieve rapid blood collec- 
tion to avoid using an anticoagulant in the 
blood collection syringe. This was well 
tolerated by the rabbits. A 27-gauge nee- 
dle, placed 1.0 to 1.5 mm posterior to the 
limbus, was used to injeet the blood. The 
needle was maintained in place for 15 s to 
allow some pressure equilibration to pre- 
vent reflux of the blood. Initial work with 
intravitreal injections of 0.2 and 0.1 mL of 
blood in five and four rabbits, respectively, 
showed excessive residual blood after four 
weeks of observation. Accordingly, the vol- 
ume was decreased to 0.05 mL, except in 
one group (group 4) that received 0.2 mL of 
intracameral blood. This was preceded by a 
0.2-mL paracentesis. A larger dose was 
chosen for this group because experimen- 
tal work with hyphema showed good reso- 
lution of 0.25 to 0.3 mL of blood.‘ 

Twenty-four hours following intravit- 
real blood injection, indirect ophthalmos- 
copy was used to grade the extent of the 
vitreous hemorrhage by visually dividing 
the retina into four quadrants. Visibility of 
retinal details was graded in each quad- 
rant on a scale of 0 to 3: grade 0 had no 
vitreous hemorrhage, and the retinal 
details were clearly seen; grade 1 had mild 
vitreous hemorrhage that partially ob- 
seured retinal details, but the retina was 
easily seen; grade 2 had moderate vitreous 
hemorrhage that made retinal details dif- 
fieult to see but still visible; and grade 3 
had severe vitreous hemorrhage that pre- 
vented any view of the retina. The grade in 
each of the quadrants was totaled for an 
overall “vitreous hemorrhage index." Eyes 































































Intravitreal Tissue Plasminogen Activator Treatme: WU 


were randomized into treatment regimens 
in each of the five treatment groupe. l 

The tPA had an activity of 500 IU/, ug. 
dose of 100 ug (50000 IU) in. ^ 1 mL was 
used in all groups. Eyes, randomized : 
lactated Ringer's solution (LR) treatmen 
received a 0.1-mL intravitreal. injeetio 
These injections were performed wit 
30-gauge needle that was placed 1.0 to 
mm posterior to the limbus into th 
midvitreous. Injections were. performed 
slowly, and the needle was maintained ` 
place for 15 s following injection. Ti 
Table shows the number of eyes in ea 
treatment group. In group 1 (nony 
tomized), six eyes received tPA, three: es 
received LR treatment, and three « 
were observed without injection. In. group 
(gas vitrectomy, single injection), six eyes 
received tPA, three eyes received LR treat- 
ment, and three eyes were observed wit 
out treatment. In group 3 (gas. vitrecto 
double-treatment injections), six eyes eat 
received tPA or LR treatment. These inje 
tions were repeated 48 hours later. In 
group 4 (lensectomy and vitreetomy, 0.2 
mL of vitreous blood), four eyes received 
tPA, and three eyes received LR treatment: 
In group 5 (lensectomy and vitrectomy, 
0.05 mL of vitreous blood), three eyes. each 
received tPA or LR treatment. 

Following injection, the eyes: wer 
ined at 24-hour intervals for thr 
and then twice weekly. The exten 
vitreous hemorrhage was | gre 
described above, and the examin 
know the treatment status of th 

Statistical comparisons were pei 
with à Kruskal-Wallis nonpararne 
a Fisher's exact test. 


RESULTS 


Immediately following the i in 
of the blood, an inferior discret: 
was usually produced. On the fo 
ing day, this had diffused to : 
mostly uniform vitreous hemo 
with some increased density in 
ly. The extent of vitreous blood (vi: 
ous hemorrhage index) before, and 
following, treatment is shown in 
1 through 5. There was no statistic. 
significant difference within 
group before randomization to t] 
LR injection, or eie 




















cally significant difference 
the LR- treated eyes and ape 


ous bleed : as dete ire 
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Vitreous surgery None 


CTS AG ike. MUR OLET E n 


Gas vitrectomy Gas XI 





T me and esee and 


ety — 
Intravitreal blood volume, mL 0.05 0.05 0.05 0.05 
Treatment 
tPA* 50000 IU 6 6 6 4 3 
(repeated in 48 h) 
Lactated Ringer’s solution 3 3 6 3 3 
Observation 3 3 


*tPA indicates tissue-type plasminogen activator. 


trol eyes. In group 1 (nonvitrectom- 
ized) eyes, three days following tPA 
injection, there was a statistically sig- 
nificant reduction in the vitreous 
hemorrhage index (P= .013) that 
remained 14 days following treatment 
(P = .028) as shown in Fig 1. In group 
2 (gas vitrectomy, single injection), 
there was a statistically significant 
reduction in the vitreous hemorrhage 
index two weeks following tPA treat- 
ment (Fig 2) as compared with the 
control groups (P = .029). However, in 
groups 3 (gas vitrectomy, single injec- 
tion), 4, and 5 (lensectomy and vitrec- 
tomy, 0.2 mL of vitreous blood and 
0.05 mL of vitreous blood, respective- 
ly), there was no statistically signifi- 
cant reduction in the vitreous hemor- 
rhage index following tPA treatment 
(Figs 3 through 5). More long-term 
observation of the clearance of vitre- 
ous hemorrhage was prevented by the 
frequent development of tractional 
retinal detachments (TRDs). 

An increased occurrence of TRDs in 
the tPA-treated eyes compared with 
the LR-treated eyes was an unex- 
pected observation (Fig 6). In group 1, 
33% of the tPA-treated eyes devel- 
oped TRDs compared with 0% of the 
control eyes (combined LR-treated 
and observation eyes). In groups 2 and 
3 (gas vitrectomy; single and double 
injections, respectively), 66% of the 
eyes that received a single tPA injec- 
tion detached, whereas 100% of the 
double tPA injection eyes developed 
TRDs. This was compared with 16% 
of the control eyes in each of these 
groups (P = .24 and P = .015, respec- 
tively). In group 4 (lensectomy and 
vitrectomy, 0.2 mL of vitreous blood), 
75% of the tPA-treated eyes as com- 
pared with 67% of the control eyes 
detached. In group 5 (lensectomy and 
vitrectomy, 0.05 mL of vitreous blood), 
none of the tPA-treated eyes com- 
pared with 33% of the control eyes 
detached. Overall, 52% of the tPA- 
treated eyes detached compared with 
21% of the control eyes (P = .038). 
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Vitreous Hemorrhage Index 
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Fig 1.—Group 1 (no vitrectomy) results. tPA indicates tissue-type plasminogen activator; 
LR/OBS, lactated Ringer's and observation groups combined for statistical analysis; and POD, 


number of days following treatment injection. 
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Fig 2.—Group 2 (gas vitrectomy-single injection). tPA indicates tissue-type plasminogen 
activator; LR/OBS, lactated Ringer's and observation groups combined for statistical analysis; 
and POD, number of days following treatment injection. 


COMMENT 


While the exact mechanism of vit- 
reous hemorrhage clearance is not 
known, experimental work suggests 
that fibrinolysis, hemolysis, and 


phagocytosis are key factors.'>'%9 
Fibrinolytic therapy can therefore 
facilitate clearance of vitreous hemor- 


rhage by degrading the fibrin base of & 


vitreous blood clots. Previous work 
with intravitreal fibrinolytic therapy 
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ated variable  efficacy.'^? 
frequent uveitis, hypopyon, and glau- 
coma have been associated particular- 
th streptokinase but also with 
nase. A previous experimental 
that investigated the efficacy of 
avitreal urokinase in promoting 
eous hemorrhage clearance in 
human primates failed to demon- 
strate a significant effect.” However, 
use of intravitreal urokinase in hu- 
mans has been reported to promote 
~ clearance of even long-standing vitre- 
ous hemorrhages, but, to our knowl- 
edge, no eontrolled studies with hu- 
mans have been reported. ^92 
Streptokinase produces frequent re- 
sponses that make recombinant DNA 
human tPA more appealing as a fibri- 
-nolytie drug.***’ Furthermore, human 
.XPA demonstrates marked fibrin 
.Specificity/* Previous work with tPA 
has demonstrated rapid resolution of 
anterior chamber and vitreal fibrin 
; clotsi in rabbit models of postoperative 
ibrin exudation.'? Additionally, more 
rapid clearance of hyphema following 
-","an anterior chamber injection of 1800 
IU of tPA has been reported.’ No as- 
. sociated ocular toxic side effects have 
... been observed with ophthalmoscopic, 
.. histologic, and corneal thickness mea- 
surements and  electrophysiologic 
udies.'* A goal of this study was to 
promote more rapid clearance of vit- 
is hemorrhage with intravitreal 
tPA. The results in this rabbit model, 
based on our method of grading the 
tent of the vitreous hemorrhage, 
suggest that in the nonvitrectomized 
“eye, and perhaps in a gas-vitrecto- 
mized eye, more rapid clearance of 
blood could be achieved two weeks 
following treatment. However, it was 
. the opinion of the masked observer 
= > that there was clinically no signifi- 
cant difference in the treatment 
groups. While a statistically signifi- 
duction in the vitreous hemor- 
ndex was achieved, the modest 
ement in the visibility of the 
in groups 1 and 2 was not 
ught to represent a clinically sig- 
ficant effect (eg, to allow laser pho- 
agulation treatment). In fact, it 
was because of this that we attempted 
> -sequential tPA injections (group 3) to 
<> evaluate if a treament benefit could be 
achieved. However, two injections of 
—. tPA did not produce an enhanced ef- 
-` . fect. This failure to produce a marked 
“treatment benefit occurred despite 
ing a substantial dose of tPA. 
he dosage used in this study was 
nan the equivalent urokinase 
reviously used. Previous 
8. deseribed an intravitreal 
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Fig 3.—Group 3 (gas vitrectomy-double injections). tPA indicates tissue-type plasminoge 
activator-treated eyes; LR, lactated Ringer's-treated eyes; and POD, number of day: *ollo 
treatment injection. E 
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Fig 4.—Group 4 (lensectomy and vitrectomy, 0.2 mL of vitreous blood). tPA indicates. tissue-type 
plasminogen activator-treated eyes; LR, lactated Ringer's-treated eyes; and POD, number. of 
days following treatment injection. 3 


Fig 5.—Group 5 (lensectomy and vitrectomy, 0.05 mL of vitreous blood). tPA. indicates 
tissue-type plasminogen activator-treated eyes; LR, lactated Ringer's-treated eyes; and EY 
number of days following treatment injection. s: m 
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which i is a BA equivalent to 
37 500. JU." 14/722? Despite our use of 





















iile 36. promote clearance of a rela- 
i small amount of vitreous cavity 
od, even in eyes following lensecto- 
nd vitrectomy. It is possible that 
longer observation would have re- 
sulted in a detectable treatment bene- 
fit in these groups, but this was pre- 
ated by the frequent development of 
RDs 
he development of TRDs more fre- 
quently following tPA injection than 
the control groups was a concerning 
observation. The tPA-treated eyes did 
not show an inflammatory reaction. It 











hr " RN, Olsen K, Hernandez E: Tissue 
on activator treatment of postopera- 
ular fibrin. Ophthalmology 1988; 


secar brine w activator. Arch Ophthal 
mot 1987,05: 1271-1280. 


i a us AK, Maguire PT, Martonyi C, et al: 
siii tissue poominoden activator to 

















w technique in the treat- 
reliminary report. Am J 


in ophthal- 
184-1187. 
and hyphe- 


DT. Treat- 
ysin. Arch 


ith urokinase in 





Group 3 
BEES 
LR 


j,- -Tractional retinal detachments. tPA indicates tissue-type plasminogen activator-treated 
lactated Ringer's solution- treated eyes (in Groups 1 and 2, this included eyes that 
observed without injection). Group 1 indicates nonvitrectomized eyes; group 2, gas 
Virestony e eyes, single tPA or LR injection; group 3, gas vitrectomy eyes, double tPA or LR 





“Vol 107, June 1989 








Group 5 





Group 4 



















is interesting to note that 66% of the 
gas vitrectomy eyes (group 2) that 
received a single tPA injection devel- 
oped a TRD, whereas 100% of the gas 
vitrectomy eyes that received two tPA 
injections (group 3) detached. While 
there is no statistically significant 
difference in the frequency of TRDs in 
these two groups, a dose-related trend 
appears to be present. 

The exact mechanism of these 
TRDs is not known. Tissue plasmino- 
gen activator produces lysis of fibrin 
clots, and fibrin has been shown in 
tissue culture studies to promote 
migration and morphologic altera- 
tions in retinal pigment cells.* An 
increased release of fibrin following 
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cant role in “the delna of the. | 
TRDs noted in the tPA-treated eyes. - 
If this were the only explanation, then. 


one would expect TRDs following 
intravitreal urokinase injection in 
experimental models of vitreous hem- 
orrhage. However, this occurrence has 
not been described.*!°* A dose effect 
may be important; as noted above, we 
did use a larger dose than used in the 
urokinase reports. This possibility is 
further substantiated by the observed 
trend of more frequent TRDs in the 
group of eyes that received two tPA 
injections. However, the pathogenesis 
of these TRDs is not known, and any 
proposed mechanism at this time is 
speculative. Further delineation of 
this observation is currently under 
investigation. 

The intraocular use of lower doses 
of tPA for the management of the 
difficult problem of an exuberant 
postoperative fibrinous reaction holds 
substantial promise. However, tPA 
appears to have only a marginal bene- 
fit in promoting the short-term clear- 
ance of vitreous hemorrhage as 






administered in this study. Further- _ 


more, while the increased frequency 
of TRDs following tPA injection may 
be a chance occurrence, this was sta- 
tistically significant and merits fur- 
ther investigation. 
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 '.'€ An argon fluoride excimer laser (193 
. nm) with a moving slit delivery system 
i as used to perform anterior myopic ker- 
=: atomileusis in both eyes of 24 New Zea- 
land white rabbits. Rabbits were killed 
immediately after abiation and at intervais 
up to 100 days. By slit-lamp microscopy, 
four rabbits at day 100 exhibited four 
clear corneas and four corneas had cen- 
al, spotty, subepithelial haze. Light and 
lectron microscopy documented corneal 
ling. In the early stages a transient 
llular zone in the anterior stroma 
»peared over a period of three weeks, 
owed by an increased number of fibro- 
cytes. in the corneas with opacification, 
-focal areas of 20-um-thick subepithelial 
scarring were present. An unexpected 
finding was transient damage to posterior 
stromal keratocytes and endothelial cells. 
The endothelium produced a layer of 
. granular material that migrated anteriorly 
.. across Descemet's membrane. Immuno- 
chemistry at day 6 showed a marked 
ng for collagen IV, proteoglycans, 
onectin, and laminin. 
irch ‘Ophthalmol! 1989; 107:895-901) 




















xcimer laser ultraviolet radiation 
‘therapy (argon fluoride, 193 nm) 
as been used to ablate the cornea 
with minimal damage to residual 
: underlying stroma. This has led to 
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—. proposals that excimer laser anterior 


keratomileusis (corneal reprofiling) 
may be a useful form of refractive 
keratoplasty. For this technology to 
be successful, corneal wound healing 
must occur without stromal regenera- 
tion or scarring and with an epitheli- 
um of uniform thickness without 
hyperplasia. 

Three reports have been published 
on anterior wound healing after 
excimer laser keratectomy. Tuft et al! 
and Marshall et al’? used a circular 
mask to create cylindrical excisions 
with vertical margins in rabbits and 
monkeys. They observed subepithelial 
opacification with slit-lamp micros- 
copy and new collagen formation 
histopathologically. McDonald and 
colleagues’ used a constricting, motor- 
ized diaphragm that created an exci- 
sion with multistepped sloping mar- 
gins in rabbits and monkeys. They 
observed some clear corneas and some 
opaque corneas shortly after surgery. 
Del Pero and colleagues‘ used progres- 
sively smaller circular masks to cre- 
ate a myopic ablation in monkeys and 
humans, reporting a subepithelial 
speckled haze clinically and anterior 
stromal searring histopathologically. 
We report herein clinical, histopatho- 
logic, and  immunohistochemical 
findings of corneal wound healing in 
rabbits after excimer laser surface 
ablation with a moving slit delivery 
system that created a smooth surface 
with gradually sloping margins, as 
described previously.’* 

MATERIALS AND METHODS 
Laser and Delivery System 


An argon fluoride excimer laser (Lamb- 
da Physik EMG 201) produced 193 nm of 
ultraviolet radiation using stable opties in 
































the resonating cavity. The E A 
lar beam emitted by the laser was: madi 
square with an anamorphic tele 
square beam illuminated a rot 
that contained a radial slit wi 





3.75 mm with an area of 2.25 m 
beam rotated around the center 
cornea. À second design was used i in 
the slit mask was stationary and the 
was moved over the corneal surfac 
computer-controlled dove . prism 
spherical lens. The results from both 
tems were similar. d 

The laser was operated to odisse. a 
output pulse energy of 180 mJ. and. 
repetition rate of 16 Hz. The radiant « expo 
sure at the corneal surface was- A 
cm?, as measured by a Joule me 
uniformity of the laser beam. 
on a fluorescent video-screen 
was verified on black photograph 
The ablation per pulse was. appi 
0.4 um. 


Laboratory Methods - Re 


Twenty-four New Zealand wits ) 
(48 eyes) were anesthetized with an intra 
venous pentobarbital sodium injection 
appropriate doses of approximately 25 
30 mg/kg. Topical 0.5% proparacain: 
hydrochloride was instilled and the eyelid 
were held open with a wire speculum. Th 
corneal epithelium was removed from t 
central 80% of the cornea by scraping. 
globe was stabilized with a pheumati e 


The ablated ar 
ter. We used. 2000 
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approximately two minutes to ablate a 
depth of 60 um in the center of the cornea, 
the depth gradually becoming shallower 
. toward the edge of the ablated area; this 
flattened the radius of curvature of the 
cornea to correct myopia. Both eyes of each 
rabbit were ablated in succession. At the 
conclusion of the laser treatment gentami- 
cin sodium drops were instilled and the 
eyelids were sutured closed with a single 










for jones en a boars 





nm trephine. The buttons 
2.5% buffered glutaralde- 





: ; uds microscopy as 
AAR * Surgery was unsuc- 





proteoglyc E A ee normal cornea 
served as à control. The rabbits for immu- 
nohistochemistry were killed at six days 
and the corneas were removed, bisected, 
frozen immediately in a cryostat, and 
: mounted vertically on a support holder 
. with the central portion exposed for sec- 
"tioning. Sections 5 um thick were cut with 
. & eryostat and mounted on slides. Serial 

sections were made, and adjacent sections 
were stained for type IV collagen, laminin, 
fibronectin, and proteoglycan, so that the 
. staining for each of these materials was 

obtained approximately from the same 
location. Sections included the center of 
the ablated zone and the peripheral un- 
ablated cornea. The antibodies for the 
proteoglycans were prepared according 
to the method described by Antanopoulos 
et al.’ 


RESULTS 
Clinical Observations 


The epithelium healed during 
approximately three days and the 
anterior stromal haziness gradually 
. decreased over approximately three 
weeks. No changes in the deep stroma 
Aor endothelium could be recognized. 
Of the remaining four rabbits, four 
eyes remained clear, but the remain- 
der had a faint, lightly ground-glass 
haze that occupied the subepithelial 
stroma. The haziness decreased grad- 
ually over three months but never 
disappeared completely. 
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Fig 1.—Light micrographs of ablated surface. a, Day O: Acutely ablated surface showed cellular 
debris. Anterior stroma demonstrated normal fibrocytes. b, Day 3: Surface was epithelialized with 
Six to seven layers, the basal cells showing mitotic figures. Anterior stroma (approximately 45 
um) was acellular. c, Day 7: Epithelium was thickened with ten to 12 differentiated layers. 
Subepithelial stroma was being repopulated by fibrocytes of normal appearance. d, Day 21: 
Epithelium was of normal thickness (30 um). Subepithelial stroma had been repopulated by 
increased number of apparently normal fibrocytes. e, Day 100: Anterior stroma appeared normal 


with no sign of subepithelial fibrosis. 


Pathologic Findings of Epithelial 
Scrape Injury 


At 24 hours disruption and frag- 
mentation of the keratocytes extended 
approximately 30 um into the anterior 
stroma. The endothelium at one day 
showed slight changes: enlargement 
of the intercellular spaces, increased 
visibility of endoplasmic reticulum, 
and the appearance of a granular 
material at the basal side of endothe- 
lial cells and in the intercellular 
spaces. At 21 days postoperatively, 
there was normal epithelial cytoarchi- 
tecture, a normal complement of 
hemidesmosomes, a basement mem- 
brane with normal lamina lucida and 
lamina densa, and an anterior stroma 
interspersed with diffuse electron- 
dense material (a normal finding in 
the rabbit) Keratocytes of anterior 
stroma showed some cytoplasmic vac- 
uoles, rough endoplasmie reticulum, 
and nuclear activity, but no secretions 
of extracellular material. The granu- 
lar material secreted by the endotheli- 
um was seen only in the intercellular 
spaces; it had not migrated anteriorly 
in Descemet's membrane. 


Pathologic Findings of Clear Ablated 
Corneas 


Light Microscopy.— Thirty minutes 
after ablation (Fig 1, a), the ablated 
stromal surface appeared generally 
smooth with some focal irregularities 
at the center. The overall contour of 
the ablation was consistent with that 
of a myopic correction. The underly- 
ing stromal architecture was not dis- 
turbed and the lamellar pattern was 
easily detectable. Figure 1 demon- 


strates the changes in the epithelium 
and anterior stroma. 

Transmission Electron Microscopy. — 
Acute Changes.—A condensate of 
electron-dense material 0.05 um thick 
was present on the surface of some 
sections. Beneath this there was a 
0.25-um microgranular zone of slight- 
ly disrupted collagen fibrils and 
ground substance. Immediately un- 
derneath this zone, a 4-um-thick area 
of apparent edema was present. 
Beyond this, the stromal collagen 
appeared normal. The fibrocytes in 
the anterior 45 um had vacuolated 
cytoplasm and ruptured cell mem- 
branes. Posterior to this, the fibro- 
cytes appeared normal. 

Basal Epithelium and Basement 
Membrane.—By day 3, the healed bas- 
al cells were thinner than normal, 
with mitoses. The intercellular spaces 
were bridged by desmosomes. At day 
7, the basal cells were taller with a 
regular plasma membrane and a thin, 
continuous basement membrane; 
however, in areas where the ablated 
surface was irregular, the basement 
membrane was less distinct. Vertical 
fibrils extended from the basal lamina 
into the stroma, resembling anchor- 
ing fibrils. By day 21, the basal layer 
of the epithelium and the basement 
membrane were normal. The hemi- 


desmosomes and anchoring fibrils 


appeared normal. At day 100, areas of 
irregular ablation showed duplication 
of the basement membrane with sub- 
epithelial deposits of amorphous 
material. 

Anterior Stromal Architecture and 
Keratocytes.—At day 3, there was 
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‘slight disorganization of the subepi- 
thelial stroma, but the individual col- 
lagen fibrils had generally normal 
diameter and spacing. Some tissue 
debris was present. By day 7, the 
Subepithelial stroma had reaccumu- 
lated some electron-dense amorphous 
material that is normally found in the 
rabbit cornea and the collagenous 
^- architecture showed minimal disrup- 
tion. By day 21, dense amorphous 
deposits were spread throughout the 
anterior stroma, especially where the 
surface was irregular. There was min- 
imal disruption of stromal architec- 
ture. By day 100, the anterior stromal 
architecture appeared normal. Kera- 
tocytes in both the anterior and poste- 
rior stroma showed transient in- 
~ creased activity without production 
€ of identifiable extracellular matrix 
(Fig 2). 

Corneal Endothelium and Desce- 
met’s Membrane.—Immediately after 
ablation, the endothelial monolayer 
was intact and individual cells 
appeared normal. The findings from 
six hours to 100 days after ablation 
are depicted in Fig 3. 

Amorphous fibrillogranular mate- 
rial appeared in Descemet’s mem- 
brane only in the central zone beneath 
the 7.5-mm-diameter surface abla- 
tion. At the edge of this zone, the 
material became more spotty. None 
was present outside the area of abla- 
tion. During the three-month obser- 
vation, the central Descemet’s mem- 
brane did not thicken: ablated corneas 
were 6.5 + 1.1 um; four controls were 
6.6 + 0.8 um. It maintained a normal 
homogenous configuration through- 
out. 

The control corneas that had a man- 
ual, half-thickness, lamellar kera- 
tectomy showed the transient appear- 
ance of a thin layer of fibrillogranular 
material that remained adjacent to 
the basal side of the endothelium (Fig 
4). Histochemical attempts on light 
microscopy to identify the nature of 
the material in Descemet’s membrane 
were  unrevealing; thin sections 
stained with Mallory's alcian blue and 
periodic acid-Schiff showed no specif- 
ic reaction. 

Immunohistochemistry. — Epithelium 
and Anterior Stroma.—When com- 
pared with nonablated corneas, the 
corneas at six days after ablation 
demonstrated exuberant deposition in 
the epithelium, immediate subepithe- 
lial zone, and anterior stroma of type 
IV collagen, proteoglycans, fibronec- 
tin, and laminin, as would be expected 
-during the early phases of normal 
epithelial wound healing.’*” 
Endothelium, | Descemet's Mem- 
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Fig 2. — Transmission electron microscopy of fibrocytes and keratocytes in anterior and posterior 
stroma of clear corneas after laser ablation (X11628). Day 3: A, Fibrocyte posterior to 
subepithelial acellular zones shows generalized activity with nuclear indentation and vacuoliza- 
tion of cytoplasm. B, Keratocyte in posterior stroma shows generally normal, flattened 
configuration. Day 7: C, Fibrocyte in anterior stroma shows marked activity with extensive rough 
endoplasmic reticulum containing amorphous material, cytoplasmic vacuolization, and margin- 
ation of nuclear chromatin. D, Keratocyte is posterior stroma also shows increased cytoplasmic 
activity with rough endoplasmic reticulum, vacuolization, and margination of nuclear chromatin. 
There are focal areas of electron-dense material dispersed throughout stroma! lamellae but no 
secretions immediately adjacent to celis. Day 21: E, Subepithelial fibrocyte shows marked 
cytoplasmic activity with indentation of nucleus. Surrounding stroma is studded with focal 
electron-dense deposits. There is no material being secreted immediately adjacent to fibrocyte. 
F, Posterior stromal keratocyte shows increased rough endoplasmic reticulum and nuclear 
indentation with margination of chromatin but no adiacent secretions. Day 100: G, Anterior 
stromal fibrocyte shows elongated flattened configuration with less cytoplasmic activity, although 
numerous large mitochondria are present. H, Posterior stromal keratocyte shows generalized 
flattening with some residual cytoplasmic vacuoles and nuciear indentation but generally quiet 
appearance. There is no secreted material adjacent to cells. 





brane, and Posterior Stroma.—In the 
nonablated cornea and in the areas 
outside the zone of ablation, there was 
moderate staining for type IV colla- 
gen as expected from normal Desce- 
met’s membrane, minimal staining 


for laminin, mild staining for fibron- 
ectin, and moderate staining for pro- 
teoglycans. By contrast, the zone of 
ablation showed marked staining for 
all four of these extracellular matrix 
materials (Fig 5). 
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Light and Electron Microscopy of 
Corneas With Subepithelial Opacity 


In general, the cloudy corneas 
showed epithelial hyperplasia, a zone 
of subepithelial hypercellularity and 
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fibrosis with occasional inflammatory 
cells, and minimal disruption of the 
anterior stroma beneath that zone. In 
the first few weeks following ablation, 
the subepithelial zone was occupied by 


Fig 3.— Transmission electron micrographs of 
endothelium and Descemet's membrane (DM) 
after anterior stromal ablation with 193-nm 
excimer laser. Top, Six hours: Overall struc- 
ture of cell was preserved with intact plasma 
membrane, uniform terminal web, and smooth 
approximation to DM. Mitochondria (asterisk) 
were dilated. Endoplasmic reticulum (er) was 
prominent and contained fine granular sub- 
stance. intercellular space in some areas 
contained fibrillogranular substance that was 
also present along basal aspect of cell adja- 
cent to DM (arrow) (X49250). Center, 24 
hours: Although endothelial monolayer was 
preserved, there was cytoplasmic vacuoliza- 
tion and dilatation of mitochondria (asterisk) 
and of endoplasmic reticulum. Apical junctions 
remained intact. Some basal intracellular 
spaces were filled with a fibrillogranular mate- 
rial (curved arrow) that also occupied outer 
surface of basal plasma membrane adjacent 
to DM (double arrows) (X38 300). Bottom, 
Transmission electron micrographs of DM and 
endothelium from six hours to 100 days (a 
through e). Discontinuous layer of fibrillogran- 
ular material had moved anteriorly in DM. At 
21 days (d) endothelial structure was general- 
ly normal with slight dilatation of mitochondria. 
Discontinuous layer of fibrillogranular material 
migrated further anteriorly in DM. At 100 days 
(e) endothelial structure was normal. Discon- 
tinuous layer of amorphous fibrillogranular 


material migrated further forward in DM 
(X12 500). 
numerous fibroblasts and newly 


secreted extracellular matrix that 
became a subepithelial scar 0 to 12 um 
thick at two to three months after 
ablation (Fig 6). 


COMMENT 


If an argon fluoride (193 nm) excim- 
er laser is to be used to reprofile the 
corneal surface into a new radius of 
curvature to correct refractive ame- 
tropias (laser anterior keratomileu- 
sis), there must be accurate technical 
control of numerous variables: laser 
beam homogeneity, pulse-to-pulse en- 
ergy, delivery system, eye movement, 
and even real-time monitoring of cor- 
neal curvature. These goals can be 
met by continued technical research 
and development. 

Less easy to control, however, is 
corneal wound healing after laser 
ablation. The epithelium must adhere 
normally and retain a normal thick- 
ness. The subepithelial stroma must 
retain a normal architecture and 
show no regeneration or scarring. The 
entire cornea must show mechanical 
stability witout deformation. Remote 
effects on the deeper corneal stroma 
and on the endothelium must be 
absent or transitory, inducing no per- 
manent damages. 

The rabbit experiments we report 
herein document four major findings: 
(1) apparent normal epithelial healing 
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and adhesion over the ablated surface; 
(2) the disappearance of anterior stro- 
mal keratocytes after both mechani- 
cal epithelial scrape injury and super- 
fieial stromal laser ablation; (3) no 
changes in the stromal collagen ultra- 
structure beyond the anterior 4 or 5 
um; but (4) mild, transient cellular 
damage occurred throughout the 
thickness of the stroma and the endo- 
thelium. 


Epithelial Healing 


Reports by other authors document 
good epithelial healing and adhesion 
in rabbits, monkeys, and humans. *!*'* 
In general, epithelial hyperplasia 
(facet formation) occurs when the 
underlying stroma shows irregulari- 
ties. The deeper the surface defect, the 
thicker the epithelium becomes in an 
apparent attempt to fill it in and to 
create a smooth corneal surface. In 
the rabbit corneas we ablated, the 
epithelium slid over the defect nor- 
mally and covered it by three days, 
showing a transient hyperplasia that 
returned to normal between three and 
12 weeks. Areas of anterior stromal 
irregularity, especially near the cen- 
ter of the cornea where the ablation 
was the least uniform, were filled in 
by the basal cells, but there was no 
persistent epithelial hyperplasia. 
However, in an unpublished report on 
a series of monkey corneas, we have 
observed persistent epithelial hyper- 
plasia after laser myopic keratomileu- 
sis. 


Fig 4.— Transmission electron micrograph of 
endothelium and Descemet's membrane (DM) 
24 hours after manual lamellar keratectomy LAVA 
7.5 mm in diameter and half thickness. Cyto- SAAI 
plasm was vacuolated, mitochondria were 
somewhat swollen, and endoplasmic reticulum 
(er) was slightly dilated. Intercellular space 
(double arrows) was slightly widened. Intercel- 
lular junctions remained intact. Layer of fine, 
granular, amorphous material was present 
along basal plasma membrane adjacent to DM 
(arrow). This disappeared by 21 days 
(X19 400). 


Fig 5.—Immunohistochemical staining of 
endothelium, Descemet's membrane (DM), 
and posterior stroma (S) for extracellular 
matrix components at six days after surgery. 
Left, Nonablated control cornea; right, area 
beneath zone of ablation. Top, Type IV colla- 
gen (IV). Middle above, Laminin (LAM). Middle 
below, Fibronectin (FN). Bottom, Proteogly- 
cans (PG). All four types of molecules show 
minimal to mild staining in controls and marked 
staining results in areas of ablation. Increased 
FN is also deposited in S, apparently near 
keratocytes. Increased synthesis of these 
molecules probably results from transient 
damage to S and endothelium during abla- 
tion. 
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Fig 6.—Histopathologic findings of anterior stromal scarring (small arrows) after excimer laser ablation. Top left, Four days 
after ablation, lymphocyte (L) is interdigitated between healing vacuolated epithelium (E) and residual stroma that contains 
activated fibrocytes (F) (X13 400). Bottom left, At 21 days, epithelium is slightly hyperplastic with delayed maturation. 
Lymphocyte (large arrowhead) lies between epithelium and underlying connective tissue. Layer of hypercellular, loosely 
organized scar tissue (small arrowheads) lies beneath epithelium. Remaining stroma shows active keratocytes with generally 
compact lamellar architecture (toluidine blue, X200). Right, At 100 days, there is normal stratified epithelium with tall basal 
cells and layer of compact subepithelial scar tissue (between arrows) approximately 20 um thick with transition zone leading 
to corneal stroma with generally normal architecture (toluidine blue, X200). 


Subepithelial Stromal Response to 
Superficial Injury 


We were surprised to observe the 
transient disappearance of kerato- 
cytes from the anterior stroma in a 
zone approximately 40 um thick after 
both epithelial scrape injury and 
anterior laser keratomileusis. We 
could find no reference to this phe- 
nomenon in the published literature, 
but it has been described by Gipson 
and colleagues (Eileen Gipson, PhD, 
oral communication, September 1988) 
and by Beuerman.'5 Presumably, this 
manifests a stromal-epithelial inter- 
action. Once the epithelium has cov- 
ered the defect, keratocytes repopu- 
late the anterior stroma, initially in 
increased numbers, returning to nor- 
mal over a period of a few weeks. The 
keratocytes did not secrete excess 
extracellular matrix as measured his- 
topathologically, ultrastructurally, or 
immunohistochemically in the corne- 
as that remained clear. 
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Fibrosis in Subepithelial Stroma 


One of the most difficult challenges 
in laser anterior keratomileusis is to 
ablate large areas of the cornea with- 
out stimulating subepithelial scarring 
and opacification. The theoretical 
basis for this refractive surgical pro- 
cedure is that the minimal damage 
induced by the laser does not stimu- 
late the stromal fibrocytes to secrete a 
new extracellular matrix of scar tis- 
sue. However, most reports in the 
literature have documented subepi- 
thelial opacification after this proce- 
dure in rabbits, monkeys, and 
man, *^^" although some have re- 
ported clear corneas in monkeys.5^ 

McDonald and colleagues? have 
reported a series of surface area abla- 
tions in primates that initially 
resulted in severe subepithelial scar- 
ring, but after a fastidious adjust- 
ment of the laser for improved homo- 
geneity and beam delivery to create a 
smoother surface, they reported a 


decrease in scarring in a series of 
monkeys and finally corneas that 
appeared clear in a series. In our 
experiment, the technical factors were 
kept as constant as possible. Never- 
theless, some rabbits had clear corne- 
as and others had subepithelial scar- 
ring, suggesting that subtle variations 
in the ablation process and the tissue 
response are important. 

We think that of all the possible 
variables, maintenance of a homoge- 
neous beam and a smooth corneal 
surface are the most important. 
Unfortunately, excimer lasers com- 
monly have variations in the pulse 
energy during single ablation and 
from one animal to the next. Another 
factor that might affect subepithelial 
scarring is the smoothness of the 
ablated surface, as determined not 
only by the homogeneity of the laser 
beam, but also by the edge of the mask 
used to shape the beam and the stabil- 
ity of the eye during the ablation. 
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othness of the eor- 
simi clear. and had 










g margin to heal more like an 
sion, whereas a sharp, steep- 
d margin might heal more like an 
ision with a migration of fibrocytes 
om the sharply defined edge. Again, 
| however, we had smooth sloping mar- 
- gins in all of our ablations, both clear 
and opaque. 


Effects on the Posterior Stroma and 
Endothelium 


We did not expect the ultrastruc- 
tural and  immunohistochemical 
< changes in the posterior keratocytes, 
» endothelium, and Descemet’s mem- 
. brane, especially the extrusion of the 
<> amorphous granular material into the 
—. intercellular space and Descemet’s 
-. membrane (Fig 4). The correlation 

between the fibrillogranular material 
and the increased amounts of type IV 
collagen, laminin, fibronectin, and 
proteoglycans is unclear, although it 
is possible that some of these mole- 
cules are represented within the 
fibrillogranular material. The fibril- 
logranular material formed a discrete 
. layer within Descemet's membrane as 
- 4t moved forward, whereas the stain- 
- ing for the extracellular matrix mole- 
cules filled Descemet's membrane and 
-extended into the posterior stroma. 
^. Since we first described this phe- 
nomenon in 1987 (Y.P., oral communi- 
cation, November 1987), other inves- 
tigators have noticed a similar 
phenomenon in rabbits under varying 
circumstances. Burstein and col- 
leagues (N. L. Burstein, PhD, oral 
communication, January 1988) de- 
seribed this phenomenon in rabbits 
.. using 193-nm argon fluoride excimer 
-Taser surface ablation with a lower 
iant exposure of 23 mJ/cm’ and 
higher repetition rate of 40 Hz. 
i and colleagues observed toxic 
hanges to the rabbit endothelium 
roduced by ouabain and a thrombox- 
e antagonist, and the appearance in 
-one to two hours of a similar layer of 
" amorphous granular material within 
posterior Descemet's membrane. This 
suggests a nonspecific response of the 
rabbit corneal endothelium to tran- 
sient insult. 
p These findings challenge the gener- 
=- ally held opinion that the effects of 
far ultraviolet radiation, especially 
193 nm, are confined to a few microns 
atthe surface of the cornea. The endo- 
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thelium is a pluripotential cell and an 
insult can stimulate it to produce an 
abnormal extracellular matrix, which 
has been designated the posterior col- 
lagenous layer of the cornea, ^? but 
the response after anterior excimer 
laser keratomileusis is a different 
phenomenon, because the amorphous 
material appears within the preexist- 
ing Descemet's membrane and mi- 
grates anteriorly rather than accumu- 
lating on its posterior surface. 

Why the material migrates forward 
through Descemet’s membrane is also 
unknown. The flow of aqueous humor 
might carry the amorphous material 
with it gradually across Descemet's 
membrane. 

Zabel and colleagues? measured the 
pressure produced by shock or acous- 
tic waves near the posterior surface of 
a bovine cornea during 193-nm excim- 
er laser ablation of the surface. The 
pressure was approximately 100 atm 
during ablation of the superficial 
stroma. Endothelial disruption ap- 
peared only when 85% to 90% of the 
corneal thickness had been cut, at 
which point junctional separation and 
individual cell dropout occurred. It is 
possible that acoustic damage was 
responsible for the posterior stroma! 
and endothelial change as we 
observed. 

Although results in rabbit corneas 
eannot be transferred directly to 
humans, our findings emphasize the 
need for improved understanding of 
excimer laser and delivery system fac- 
tors as well as improved control of 
corneal wound healing before excimer 
laser keratomileusis can become use- 
ful in humans. 


This investigation was supported in part by 
grant 87072701 from the National Institutes of 
Health, Bethesda, Md. 

Dr Hanna has a proprietary interest in the 
moving slit delivery system. 

The Pasteur Institute, Paris, provided the fluo- 
rescent antibodies to fibronectin, type IV colla- 
gen, and laminin used in this study. 
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The absolute intraocular pressure of 

js: taining eye of a rabbit fell with 
bin pressure during a simu- 
'plane ascent but lagged behind. 
was manifested clinically as a 
rise in transscleral pressure. The 
nt of lag depended on the amount of 
| the eye at takeoff. As there is no 
icant transfer of gas out of the eye 
the “ascent, the fall in absolute 
‘essure could only be medi- 
pansion of the bubble. The 
echanisms for expansion are 
pression, scleral expan- 
elerated aqueous outflow. 
mol 1989; 107:902-906) 





of retinal detachment 
9jatients with residual intraocular 
gas who must travel by airplane has 
been of concern since anecdotal 
reports of pain and loss of vision 
during an ascent." Aronowitz and 
Brubaker’ - in 1976 investigated the 
problem i in a rabbit model. In a simu- 


aah as 80 mm Hg in an eye 
ining 0.25 mL of air. It was a 
oe at a rate of aoe ft/min. 
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8000 ft. Eyes containing 0.25 mL of 
gas had a rise in IOP of 30 mm Hg. 
Eyes containing 0.5 mL of gas had a 
rise of 34 mm Hg. The increase in IOP 
was ascribed to the expansion of the 
gas bubble. 

We have restudied the problem in 
an animal model because the experi- 
ence of our patients with intraocular 
gas differed from the anecdotal 
reports and because we were per- 
plexed by the explanation that the 
rise in IOP was caused by expansion 
of the intraocular bubble; if the bub- 
ble expands, the pressure within the 
bubble and consequently within the 
eye should fall (Boyle’s law, P,V, = 
P,V,). 

The issue became clearer when we 
converted to absolute pressures to 
apply the gas laws. The absolute pres- 
sure of an intraocular gas bubble is 
the sum of the atmospheric pressure 
and the IOP. It follows that the abso- 
lute pressure within the gas bubble is 
also the absolute IOP (AIOP). At sea 
level, the AIOP is 760 plus the IOP. At 
any altitude above sea level, the AIOP 
must fall to equilibrate with the lower 
atmospheric pressure. À fall in AIOP 
would be consistent with expansion of 
the intraocular bubble. A failure of 
the AIOP to fall or an incomplete fall 
would be reflected as a relative rise in 
transscleral pressure (IOP) (Fig 1). A 
rise in IOP would be consistent with 
the observations of the previous 
investigators. The purpose of the 
experiments that are the substance of 
this report was to measure the fall in 
AIOP and the relative | rise in IOP of 
the gas-containing eye during an 


H.  ascent and to define the mechanisms 
ae us which they o occur. — E 


Arch Ophthalmol— Vol 107, June ES US 








MATERIALS AND METHODS 


In a pilot study, we ascended to 8000 ft in 
a nonpressurized airplane with five 2.5- to 
3-kg albino rabbits. One eye of each animal 
contained an estimated 0.25, 0.4, or 0.8 mL 
(three animals) of a fully expanded mix- 
ture of perfluoroethane (C,F,)? Before 
takeoff, the animals were anesthetized 
with an intramuscular injection of 2.5 mL 
of a solution containing equal amounts of 


ketamine (100 mg/mL) and xylazine (20 , 


mg/mL). The airplane ascended at the rate 
of 500 ft/min. Applanation pressures were 
measured at two-minute intervals with a 
tonometer (Perkins) in four rabbits. In one 
animal, both eyes were cannulated, and the 
intraocular pressure was monitored by an 
electronic pressure transducer at one- 
minute intervals. 

The cabin of a small airplane proved to 
be too unsteady for recording ocular pres- 
sures. Subsequent experiments were con- 
ducted in the laboratory where the cabin 
conditions of an airplane were simulated in 
a decompression chamber constructed for 
this purpose. The chamber was made of 
half-inch-thick Lucite that measured 


22 X 45 X 60 cm. A central vertical panel ,. 
provided support across the long axis of 


the chamber. The chamber accommodated 
two large rabbits in a prone position. It 
could be evacuated by the laboratory vacu- 
um system piped to one or more ports in 
the walls of the chamber. The rate of 
decompression was controlled by valves in 
the vacuum lines and was monitored by a 
vacuum gauge mounted in the wall of the 
chamber (Fig 2). 

We chose rabbits as an animal model. 
The ocular rigidity and outflow facility of 
the rabbit are close to that of the human 
eye (E = 0.02 and C = 0.28). The ocular 
pressure of the rabbits in the chamber was 
measured by the same transducer used in 
the pilot flight (Gould P-23XL) and was 
displayed on the screen of an electronic 


recorder. The transducer, however, was not ' 


in the chamber (ie, cabin) as in the pilot 
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experiment but was fixed in the wall of the 
chamber so that the external port vented 
to the laboratory atmosphere. The internal 
port was connected by a fluid-filled system 
to the anterior chamber of the experimen- 
tal rabbit's eye. With this system, the 
intraocular pressure during a simulated 
ascent always related to the atmospheric 
pressure at sea level in New York City and 
was designated as AIOP. Before decom- 
pression, the average (mean + SEM) 
AIOP of the experimental rabbit eyes mea- 
sured 760 + (17 + 5) mm Hg. Preliminary 
trials indieated that the system would 
transmit any changes in AIOP without 
delay. The system was neither compressed 
nor dilated by changes in the ambient 
pressure in the chamber, within the limits 
of the experiments. 

In the first laboratory experiment, we 
simulated the ascent of a commercial air- 
craft and measured the change in the 
AIOP of eyes containing three different 
volumes of gas. Six rabbits weighing 2.5 to 
3 kg were prepared for the experiment by 
injecting both eyes with 0.08, 0.17, or 0.25 
mL of undiluted C,F,. The perfluorocarbon 
gas technique eliminated the need for a 
mechanical vitrectomy to make space for a 
large gas bubble.’ By the fourth day, the 
injected volume of gas could be expected to 
have expanded approximately 3.3 times. 
The animals were anesthetized with the 
same amounts of ketamine and xylazine 
used in the pilot flight, placed in the 
decompression chamber, and stabilized in 
a prone position. The anterior chamber 
was cannulated with a 23-gauge needle 
that connected to the transducer by a 
30-em length of polyethylene tubing. The 
tube and transducer were filled with nor- 
mal saline. 

The simulated ascent to 8000 ft at a rate 
of 300 ft/min was effected by decompress- 
ing the chamber at a rate of 7 to 8 mm 
Hg/min until the ambient pressure in the 
chamber reached 564 mm Hg, which is the 
atmospheric pressure at 8000 ft. During 
the ascent, the AIOPs of the animals were 
monitored and recorded. The pressure in 
the chamber was then restored to 760 mm 
Hg, the animals were removed, the eyes 
were enucleated, and the volume of gas in 
the eyes was measured by incising the eyes 


g widely under water beneath a funnel and 


drawing the collected volume of gas into a 
1.0-mL pipette. 

A second experiment measured the time 
required for the AIOP of the eyes contain- 
ing the two larger volumes in the first 
laboratory experiment to equilibrate with 
the ambient pressure of the chamber at a 
simulated 8000 ft. Four animals, in whom 
one eye contained either 0.38 or 0.77 mL 
(postmortem measurements) of fully 
expanded C,F, were decompressed as in 
the first experiment and then maintained 
at 564 mm Hg for 30 minutes while the 
decay in AIOP was monitored. 

In a third experiment, we investigated 
the mechanism of the fall in AIOP by 
analyzing the effect of rapid decompres- 
sion on gas-containing eyes. Four rabbits, 
six eyes of which contained expanded vol- 
umes of C.F, approximating 0.24, 0.42, and 
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AP = 760 mm Hg 
IOP? = 17 mm Hg 
AIOP = 777 mm Hg 


560 mm Hg 
760 mm Hg 


Sea Level 
Altitude 





AP = 564 mm Hg at 8000 ft 
IOP = (AIOP — 564) mm Hg 
AIOP = (564 + IOP’) mm Hg 


564 mm Hg 
8000 ft 


Fig 1.—Probable effect of ascent from sea level to 8000 ft on an eye containing a gas bubble too 
large to be completely compensated for. Bubble has expanded and absolute intraocular pressure 
(AIOP) has fallen but not enough to equilibrate with fall in atmospheric pressure (AP). 
Consequently, IOP (shaded area) has increased. Intraocular pressure at takeoff was presumed to 


be 17 mm Hg. 





Fig 2.—Decompression chamber with rabbit in prone position. Anterior chamber of eye of animal 
has been cannulated and is connected to pressure transducer that is fixed in wall of chamber and 
vents to atmosphere of laboratory. 


0.81 mL (postmortem measurements) and 
two eyes without gas that served as con- 
trols, had their AIOPs monitored while 
being decompressed from 760 to 564 mm 
Hg in 90 s. Thereafter, the animals were 
maintained at 564 mm Hg for 58.5 minutes 
while the decay in pressure was moni- 
tored. 

The rapid decompression effect was fur- 
ther studied by a fourth experiment in 


which a rabbit with an eye containing 0.4 
mL (postmortem measurement) of gas was 
decompressed to 564 mm Hg in a stepwise 
manner. For each step, the pressure in the 
chamber was lowered 27 mm Hg over 15 s, 
simulating an ascent of 1000 ft in 15 s and 
then sustained at the pressure for three 
minutes. 

A fifth laboratory experiment was 
designed to determine if there is any gas 
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Fig 3.— Graphs of absolute intraocular pressure (AIOP) recorded during simulated ascent at 300 ft/ min to 
8000 ft. Each graph depicts results in four eyes with 0.25, 0.39, or 0.83 mL of gas. Upper line is average 
AIOP of gas-containing eye. Lower line is control. Shaded area in between represents transscleral 


pressure, or IOP. 


transfer across the blood-aqueous barrier 
that might contribute to the compensatory 
fall in AIOP. Six eyes of three rabbits were 
injected with precisely 0.25, 0.5, or 0.8 mL 
of air. To accommodate the larger amounts 
of gas, we used animals whose vitreous had 
been liquified by a previous gas compres- 
sion four weeks before.’ Before the injec- 
tions, equivalent quantities of vitreous flu- 
id were withdrawn. There was no residual 
gas present when the experimental vol- 
umes of gas were injected. The animals 
were decompressed at a rate of 300 ft/min 
to 8000 ft, maintained there for one hour, 
and then killed at the altitude by an intra- 
venous injection of a euthanasia solution. 
The ear vein had been cannulated before 
closing the chamber, and a fine tube was 
led from the cannula through the rubber 
molding in the lid of the chamber to a 
syringe containing the lethal solution. 
After death, the chamber was rapidly 
decompressed, the eyes were enucleated, 
and the gas volumes were measured by the 
inverted funnel method previously de- 
scribed. 


RESULTS 


In the pilot experiment, the IOP 
recorded by applanation tonometry in 
the eyes containing 0.25 or 0.4 mL did 
not rise by more than 5 mm Hg. The 
IOP recorded by applanation in the 
two eyes containing an estimated 0.8 
mL increased by 40 and 42 mm Hg. The 
IOP of the animal whose eyes were 
cannulated had a rise of 65 mm Hg in 
the eye containing 0.8 mL of gas. The 
IOP of the control eyes did not change 
in any animal during the flight. 

In the first laboratory experiment 
in which a commercial aircraft ascent 
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Fig 4.—Graphs of decay in absolute intraocular pressure (AIOP) recorded during 30 minutes of 
sustained decompression at 8000 ft. Each graph depicts average of two eyes with 0.38 mL or 
0.78 mL of intraocular gas. Lower line is control. Shaded area represents transscleral pressure, 


or IOP. 


was simulated and absolute pressures 
recorded, the AIOP in the control eyes 
fell from 777 to 581 mm Hg simulta- 
neously with the fall in pressure of the 
chamber (Fig 3). The AIOP of the 
gas-containing eyes also fell but 
lagged behind the ambient pressure. 
The larger the volume of intraocular 
gas, the greater the lag. The AIOP in 
eyes containing an average gas vol- 
ume of 0.25 mL fell to 587 + 6 mm Hg, 
in those containing an average of 0.39 
mL it fell to 613 + 6 mm Hg, and in 
those containing an average of 0.83 


mL it fell to 662 + 13 mm Hg. The 
final AIOPs were 6, 32, and 81 mm Hg 
above the control eyes (Fig 3). 

In the second experiment in which 
the pressure in the chamber was sus- 
tained at 8000 ft and the decay in the 
AIOP was monitored, the AIOP in the 
eyes containing an average gas vol- 
ume of 0.38 mL fell an additional 29 
mm Hg in 30 minutes, and in eyes 
containing 0.78 mL, the AIOP fell an 
additional 42 mm Hg. The last re- 
corded AIOPs were 9 and 23 mm Hg 
above the control eyes (Fig 4). 
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z no the third experiment, rapid 
decompression of the chamber re- 
-vealed two phases of ocular response. 
< The first was an abrupt fall in AIOP 
simultaneously with decompression 
(Fig 5). The AIOP in the eyes contain- 
ing 0.24 mL of gas fell 137 mm Hg in 
90 s, in those containing 0.42 mL it fell 
97 mm Hg, and in those containing 
t fell 87 mm Hg. Thereafter, 


the AIOPs were 582, 
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| iraphs of absolute intraocular pressure (AIOP) recorded during rapid decompression to 
90 s and for additional 58.5 minutes at that altitude. Each graph depicts average of two 
0. 24, 0.42, or 0.81 mL of intraocular gas. Lower lines are controls. Shaded area 


585, and 589 mm Hg, which were 1.0, 8, 
and 9 mm Hg above the control eyes. 

In the fourth laboratory experiment 
in which the chamber was decom- 
pressed in a stepwise manner, the 
AIOP in the eye containing 0.4 mL of 
gas again responded with two distinct 
phases (Fig 6). The first was an 


abrupt fall of 18 + 3 mm Hg in 15 s, 


the second was a slow fall of 5+ 1 
mm Hg over three minutes. The AIOP 
of the control eye equilibrated imme- 
diately with the changes in the pres- 





























































the amount of: gas recovered from 
eyes of the animals that had ascer 
to 8000 ft, had been sustained a 

altitude for one hour, and were 
killed at the altitude was the sai 
the amount that had been. injected 
There had been no significant. trans 
fer of gas across the blood-aqueou 
barrier. 


COMMENT 


In the pilot experiment - in 
unpressurized airplane, the change 
the cabin pressure ried din 








of commercial aircraft. The > AD] 
tion pressures of the animal 
imprecise because of faulty. tech iq 
on the unstable platform tha 
small aircraft provided. Neverthele 
the measurements indicated that 
transscleral pressure or IOP o 
fluid-filled eye (the control) does 10 
change as the ambient pressut 
and the IOP of the gas-containing 
increases, but not to the exte 
the pressure of the atmosphere cha 
fallen. It was apparent that a compen 
sating mechanism was operating, oth 
erwise the IOP should rise 196 mr 
Hg, the amount of the fall in. atmo 
spheric pressure that occurs with an 
ascent to 8000 ft. 
That the IOP as measured by th 
electronic transducer in the ey: 
was cannulated also rose was puzz 
until we discovered that the transd: 
er was not sealed but vented to th 
diminishing pressure of cabin. atm 
sphere and so, like the applanati o 
instrument, was measuring trans 
scleral pressure, or IOP. d 
The measurements of AIOP. mad j 
during the simulated ascent in the 
laboratory chamber with the cannu 
lated eye connected to the transducer 
vented to the constant atmosphere of 
the laboratory better reflected ocular 
physiology during decompression. 
When the chamber was decompressed 
from 760 to 564 mm Hg, the equiva- 
lent of an ascent of 8000 ft, the AIOP 
of the fluid-filled eye fell 196 mm H 
simultaneously. The minimal expan- 
sion of the fluid contents 1s compen- 
sated for so rapidly as to make any lag 
unrecordable by our methods. 
eye containing gas, the 
but lagged behind t 
spheric pressure. Th 
any moment between 
the ambient. .pressu 
scleral pressure or r the 
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e wodi by applanation. The larg- 
he amount of gas (at sea level), the 
reater the lag. As no substantial 
amount of gas leaves the eye in the 
time of the ascent, even in a state of 
ocular. hypertension, the gas bubble 
an only reduce its AIOP and, conse- 
quently, the AIOP of the eye by ex- 
-panding. 

For the gas bubble to equilibrate 
ith the diminished atmospheric 
ure without a rise in IOP, the 
ie would have to increase by the 
raction 760 + P/564 + P, where P is 
he initial IOP at sea level, or 1.34 
imes. A 0.2-mL gas bubble in the eye 
vould have to expand to 0.268 mL, a 
0.4-mL bubble to 0.536 mL, and an 
-mL bubble to 1.072 mL. The mech- 
isms that could mediate the 
crease in volume are choroidal com- 
pression, scleral expansion, and aque- 
outflow. Aronowitz and Brubaker? 
eached a similar conclusion and 
rote. scleral rigidity and facility of 
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Control 


raph ot absolute intraocular pressure (AIOP) of eye containing 0.4 mL of gas recorded 
tepwise decompression. Pressure in chamber was diminished 27 mm Hg in 15 s at 
morva f:throe minutes. Shaded area represents transscleral pressure, or IOP. 


outflow into a formula to prediet the 
IOP of the gas-containing eye. 

The capacity of the choroid to com- 
press and the sclera to expand was 
revealed in the rapid-decompression 
experiment (Fig 5). In the first 90 s of 
decompression, the fall in the AIOP of 
approximately 100 mm Hg could only 
have been mediated by choroidal com- 
pression and scleral expansion. There- 
after, the fall in AIOP at the slower 
rate is consistent with accelerated 
aqueous outflow. As the volume of gas 
at sea level (V,) is known from the 
postmortem measurement, it is possi- 
ble to calculate the new volume (V,), 
the increase in volume (V, — V,), and 
the outflow (C) between two pressures 
over any timed portion of the curve in 
Fig 5. The outflow is not constant but 
increases with the increase in IOP.*? 
Eyes with the larger gas volumes and, 
consequently, the greater rises in IOP 
respond with more rapid rates of out- 
flow. The Table gives the calculated 
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average values of outflow during the 
slow phase of equilibration portrayed 
in Fig 5. During the first 28.5 minutes 
after rapid decompression, the out- 
flow of eyes that contained 0.24 mL 
averaged 2.6 uL/min, eyes that con- 
tained 0.42 mL averaged 4.3 uL/min, 
and eyes containing 0.81 mL averaged 
1.8 uL/min. In the first minute after 
rapid decompression in the eyes con- 
taining 0.81 mL, the outflow was 27 
uL. 

The stepwise rapid decompression 
experiment ( Fig 6) demonstrated that 
periodic abrupt increases in IOP cause 
transient acceleration in outflow and 
minimize the overall lag in AIOP dur- 
ing the simulated ascent. 

The adult rabbit eye that contains a 
gas bubble as large as 10% of its 
volume (0.25 mL) can eompensate for 
an ascent to 8000 ft over 27 minutes 
with a minimum (6-mm Hg) rise in 
IOP (Fig 3). The AIOP of the bubble 
equilibrates with the drop in atmo- 
spheric pressure by expanding almost 
34%. The intraocular space for the 
additional volume of gas is obtained 
through choroidal compression, scler- 
al expansion, and accelerated aqueous 
outflow. 
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Air Travel With Intraocular Gas 


II. Clinical Considerations 


F Harvey Lincoff, MD; Dov Weinberger, MD; Panos Stergiu, MD 


e The patient with a residual intraocu- 
lar gas volume of 0.6 mL, approximately 
1096 of the volume of the eye, can com- 
pensate for the decrease in cabin pres- 
sure as an airplane ascends without a 
symptomatic rise in intraocular pressure. 
Larger volumes may be accommodated in 
aircraft that decompress to less than 
8000 ft or that take off from altitudes 
above sea level. The patient with residual 
-intraocular gas who experiences pain or 
dimness of vision in an ascending air- 
plane can obtain relief if the cabin altitude 
is decreased by 2000 ft. This will require a 
modest adjustment in the altitude of the 
airplane. 

(Arch Ophthalmol 1989;107:907-910) 


erfluorocarbon gases are being 

injected with increasing frequency 
either as a tamponade after vitrecto- 
my or as a primary procedure for 
retinal detachment. Hospital stays 
are short, and for the patient who 
would travel home by airplane, a rise 
" in intraocular pressure (IOP) caused 
by the residual intraocular gas is a 
concern. Because the absorption of 
gases from the vitreous is a first- 
order exponential function, small vol- 
umes of the perfluorocarbons may be 
present for weeks or months.' To pro- 
hibit air travel because of the pres- 
ence of any amount of gas can work an 
unreasonable hardship on the patient. 
The purpose of this investigation was 
to determine safe residual gas vol- 
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umes for air travel and to examine 
some prophylactic possibilities. 


MATERIALS AND METHODS 


In the previous investigation, we used 
8000 ft as the standard for decompression 
of a commercial airplane cabin. In the 
course of the investigation, we learned that 
8000 ft was a maximum that was infre- 
quently reached. For this report, we sought 
additional information on the current 
standard of cabin decompression. To 
acquire it, we submitted questionnaires 
before takeoff to 14 pilots and engineers of 
the following aircraft (numbers in paren- 
theses are the number of aircraft crews 
interviewed in each kind of aircraft): the 
727 (two), 737 (four), 747 (one), 757 (one), 
767 (one), DC8 (two), DC9 (two), and the 
BAC III (one). The questionnaires asked 
for data about the maximum cruising alti- 
tude of the airplane, the rate of ascent, the 
rate of decompression of the cabin, and the 
maximum decompression of the cabin at 
maximum altitude. We also asked for the 
maximum pounds per square inch differ- 
ential (PSID) that was prescribed for the 
aircraft. Pilots were asked what their 
response would be to a passenger who 
informed them of a gas bubble in the eye 
that was causing pain and dimness of 
vision. Additional information about cabin 
pressure was obtained from the Boeing 
(Seattle) and the McDonnell Douglas Air- 
craft (Long Beach, Calif) companies. 

In an animal experiment aimed at ame- 
liorating symptoms of the patient who is in 
flight, we investigated the effect of breath- 
ing 100% oxygen on the absolute IOP 
(AIOP). It was conceivable that "washing 
out" nitrogen in the blood would accelerate 
nitrogen transfer from the intraocular 
bubble and diminish AIOP by diminishing 
the volume of the bubble. Five adult rab- 
bits were anesthetized with intramuscular 
injections of 2.5 mL of a solution contain- 
ing equal amounts of ketamine (100 mg/ 
mL) and xylazine (20 mg/mL). The eyes of 


the anesthetized animals were injected 
with precisely 0.4 mL (six eyes) and 0.75 
mL (four eyes) of a 20% mixture of per- 
fluoroethane (C,F,). Equivalent amounts 
of liquid vitreous were withdrawn before 
the injections to provide space for the gas. 
The vitreous had been liquefied by gas 
compression? one month before, and there 
was no residual gas in the eyes at the time 
of the second injection. The animals were 
fitted with an anesthesia mask designed 
for rabbits and were then placed in the 
decompression chamber; the anterior 
chambers were cannulated and connected 
to the pressure transducer as in the previ- 
ous experiments? With the mask open to 
the chamber atmosphere, the animals were 
decompressed at 300 ft/min to 8000 ft. On 
reaching 8000 ft, the mask was ventilated 
with 100% oxygen at 5 L/min for one hour 
while the decay in AIOP was monitored. At 
the end of the hour, the animals were killed 
at the 8000-ft altitude by the method previ- 
ously described, and the eyes were enucle- 
ated. The volume of intraocular gas was 
measured by opening the eye widely under 
water beneath a funnel and collecting the 
gas in a 1-mL pipette. 

In a second animal experiment, we 
examined the effect of an encircling sili- 
cone band on the response of the gas- 
containing eye to the simulated ascent of 
an aircraft. It seemed possible that altered 
scleral rigidity as an effect of the deforma- 
tion, or stretching of the band itself, might 
ameliorate the ocular response to cabin 
decompression. Under anesthesia with 
ketamine and xylazine, two adult rabbits 
whose four eyes contained an average of 
0.84 mL (postmortem measurements) of 
fully expanded C;F, had 2-mm-wide bands 
of silicone placed around the eye at the 
equator. The bands were held in place by a 
scleral suture in each quadrant that was 
tied loosely enough for the bands to slide 
beneath it. In two eyes, the band was 
constricted by 10% of the circumference of 
the eyes, and in two eyes the band was 
constricted by 2095. After the IOP had 
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Airplane Altitude, X 1000 ft 





Cabin Altitude, X 1000 ft 


Fig 1.—Graph of pounds per square inch 
difference (PSID) between cabin altitude and 
aircraft altitude prescribed for five aircraft. 
Pounds per square inch difference may vary 
as much as O.1 above or below specifications 
in flight manual. Graph is construction of data 
from qualified sources and adequate for med- 
ical advice. It is not intended for aircraft 
maintenance or operation. 


Fig 2.—Graph demonstrates lack of effect of breathing 100% oxygen 
on slope of absolute intraocular pressure (AIOP) of rabbit eye contain- 
ing 0.4 mL of gas. Animal was first subjected to simulated ascent to 
8000 ft. Shaded area represents IOP. Hatched area is IOP during 
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returned to a normal level, the animals 
were placed in the decompression chamber, 
the anterior chambers were cannulated 
and connected to the pressure transducer, 
and the AIOPs were monitored during a 
simulated ascent to 8000 ft. 

In a third animal experiment, we exam- 
ined the decay curves during a simulated 
descent to determine the amount of 
descent that would be required to amelio- 
rate symptoms in the patient with an eye 
containing gas. Three adult rabbits whose 
eyes contained an average of 0.8 mL (post- 
mortem measurements) of 20% C,F, were 
anesthetized as before, and the eyes were 
cannulated and attached to the transducer 
and subjected to a simulated ascent in the 
decompression chamber to 8000 ft at the 
rate of 300 ft/min and then to a descent at 
300 ft/min while the AIOP was moni- 
tored. 

To extrapolate volumes in the rabbit eye 
to the human eye, we used 2.6 mL as the 
total content of the adult rabbit eye* and 6 
mL as the content of the emmetropic 
human eye.’ With these values, the gas 
volumes in the rabbit experiments could be 
multiplied by 2.3 for the approximate 
human equivalent. 


RESULTS 


The responses of the airplane cock- 
pit personnel to our questionnaire and 
the aircraft company engineers to our 
inquiries confirmed that most aircraft 
cabins decompress to less than 8000 ft 
at cruising altitude. While the air- 
plane may ascend at a rate of 2000 to 
3000 ft/min, the cabin decompresses 
at 300 to 500 ft/min. Decompression is 
automatic. It can be overridden by 
manual controls, but pilots are disin- 
clined to do this. The principal factor 
that determines the decompression 


pattern of the cabin is the maximum 
PSID between cabin pressure and 
atmospheric pressure prescribed for 
the aircraft. This is a product of 
design and structure. The graph in Fig 
l was constructed from the informa- : 
tion provided by the pilots, the engi- 
neers, and the aircraft companies. It 
demonstrates the range of PSID for 
five aircraft in common use and the 
relationship between cabin altitude 
and airplane altitude. The higher the 
plane's PSID, the lower the cabin alti- 
tude in relation to the plane's altitude. 
Thus, a 747, which has a PSID of 8.9, 
has a cabin altitude of only 5600 ft 
while flying at 37 000 ft, while a BAC 
III with a PSID of 6 has a cabin 
altitude of 7000 ft at an altitude of 
25 000 ft. 

In the first animal experiment, the - 
AIOP of the eyes containing 0.4 mL of 
gas fell an average of 165 mm Hg 
when the chamber was decompressed 
by 196 mm Hg, the difference between 
sea level and 8000 ft. The lag of the 
AIOP was manifested as a rise in IOP 
that averaged 31 mm Hg (Fig 2). The 
AIOP of eyes containing 0.75 mL fell 
an average of 135 mm Hg, and the 
resultant IOP averaged 61 mm Hg 
(Fig 3). Breathing 100% oxygen for 
one hour at 8000 ft did not accelerate 
the subsequent decay in AIOP (Figs 2 
and 3). The slope of the decay curve 
was the same as that obtained in the 
previous experiments when the ani- 
mals were breathing air? The volume 
of gas in the eyes also did not change. 
The amount of gas recovered from 
eyes after they were enucleated and 


Fig 3.—Lack of effect of breathing 100% oxygen on slope of absolute 
intraocular pressure (AIOP) of rabbit eye containing 0.75 mL of gas. 
Animal was first subjected to simulated ascent to 8000 ft. Shaded area 
indicates IOP; hatched area, IOP during oxygen ventilation. 
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| e te Cabin Altitude, X 1000 ft 
< Fig 4.— Graph demonstrates absence of any 
-.., effect of constricting silicone band on slope of 

“absolute intraocular pressure of rabbit eye 
ontaining 0.84 mL of gas during simulated 
scent. to 8000 ft. 












T ed under water was the same as 
imount that had been injected. 
the second animal experiment, 
constricting the eye by 10% or 20% 
with a silicone band at the equator did 
not alter the slope of the curve of the 
animals AIOP during a simulated 
ascent to 8000 ft (Fig 4). 
7 In the third animal experiment, the 
<- simulated descent of the animal at a 
rate of 300 ft/min had a dramatic 
ffect on transcleral pressure (IOP) 
). A drop in cabin pressure from 
900 to 6000 ft lowered the IOP from 
30 mm Hg, and a further reduc- 
| o 5000 ft lowered the IOP to 8 













COMMENT 


-Àn ascent from sea level to 8000 ft 
- js equal to a fall in atmospheric pres- 
— sure from 760 to 564 mm Hg. For the 
.—' pressure of an intraocular gas bubble 
.- and, consequently, the IOP to adjust 
to the ascent without a rise, the bub- 
: .. ble would have to expand by 34%. An 
eye with a 1-mL bubble would have to 
accommodate to an additional 0.34 

| a! is more gas than can be 
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Fig 5.—Graph of absolute intraocular pres- 
sure recorded during simulated ascent at 300 
ft/min to 8000 ft and descent to 5000 ft at 
same rate. Shaded area represents trans- 
scleral pressure (intraocular pressure). Aver- 
age volume of gas bubbles was 0.8 mL. 


retinal artery. Temporary closure of 
the central retinal artery has been 
reported to occur frequently after an 
injection of 0.3 mL for the pneumatic 
retinopexy procedure. If the gas is 
injected over 27 minutes, however, the 
usual time an aircraft takes to decom- 
press its cabin to 8000 ft, a combina- 
tion of scleral expansion and outflow 
would ameliorate the rise and might 
make it tolerable. 

One milliliter of gas in the average 
human eye is equivalent to 0.43 mL in 
the rabbit eye. In the animal experi- 
ments, an intraocular gas volume of 
0.4 mL in the rabbit eye at sea level 
caused a rise in transscleral pressure 
of 31 mm Hg during a simulated 
ascent to 8000 ft.? We think the rise in 
pressure might be greater and more 
sustained in the human eye because 
the additional volume to equilibrate 
after decompression is larger and the 
outflow in humans is not proportion- 
ally greater. 

A safer residual volume of intraocu- 
lar gas would be 0.6 mL for the patient 
who might experience maximum cab- 
in decompression. This volume would 
have to expand by only 0.18 mL to 
equilibrate with the change in cabin 
pressure. Our clinical experience is 
that as much as 0.2 mL of gas can be 
injected in the average eye without 
causing pain or closure of the central 


























































Fig 6.— Graphic representation: at. 0. emt 5 
(10%) intraocular gas bubble. 


retinal artery. Injected over- 31 
minutes, it should be tolerated with- 
out an important rise in IOP (pro- 
vided the patient does not have gl 
coma). The equivalent volume in ti 
rabbit model would be 0.23 mL. Ar 
intraocular gas volume of 0.25 m 
caused a rise of 6 mm Hg in IOP when 
the animal was decompressed from 
sea level to 8000 ft^ A residual intra- 
ocular bubble of 0.6 mL in the averag 
human eye is approximately 10% o 
the volume and subtends an arc oí 
112° on the retina.’ It is a shallos 
bubble whose meniscus is above th 
limbus when the patient is: examined 
in the vertical position (Fig 6). 

There are mitigating factors ds 
can make larger amounts of residual: 
intraocular gas tolerable. Few air- 
craft decompress to 8000 ft. Fuller*. 
chose 7000 ft as a typical level for 
cabin decompression. The patient who 
is flying in a 747 at 37000 ft, a fre- 
quent cruising altitude on an easte 
bound flight, will experience a decom: 
pression to only 5600 ft in the cabin 
The expansion of an intraocular gas. 
bubble required to equilibrate the 
change in pressure from sea level to 
5600 ft would be 25%. An eye with a 
1-mL bubble would have to accommo- - 
date an increment of 0.25 mL. Two of- 
our patients with an estimated 1 ml 
of residual gas flew transatlantic in. 
747s and did not experience any. dis 
comfort. They had been instructed t 
watch for symptoms and report them 
to the pilot if they occurred. Bot 
patients took off from sea level at. 
Kennedy Airport in New York. — 

The altitude at the point of. depar 
ture can be a significant. mitigating 
factor. For example, the patient. w. 
takes off from Denver, which has ai 
altitude of 5200 ft, would h 
expansion factor at a cabin altitude 
8000 ft of only 11% and could proba 





































Go iene reum. different from 
the bee moat of an intraocular gas 


A imat model in the previous 
expe ments indicated that signifi- 

; ocular hypertension in the eye 
co taining | gas will be compensated 
r by accelerated outflow over 30 
minutes.? More rapid relief can be 
obtained by a modest decrease in cab- 
in altitude. In the rabbit model, eyes 
containing 0.8 mL of gas, an amount 
that displaces more than half the vit- 
reous volume in the rabbit, experi- 
enced a fall in IOP of 40 mm Hg (70 to 
30 mm Hg) in 6% minutes when the 
cabin altitude was diminished by 2000 
ft at a rate of 300 ft/min. Diminishing 
the cabin altitude by another 1000 ft 
lowered the IOP to 8 mm Hg (Fig 5). 
The effect of descent on IOP is so 
dramatic because the rapid rise in 
bin pressure with descent is not 
ompanied by an equivalent rise in 
AIOP. As the cabin pressure ap- 
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| s proaches th the AIOP, the IOP r returns to 


normal levels. If descent continues, 
the eye becomes hypotensive. The 
AIOP of the gas bubble during descent 
continues to rise with the rising cabin 
pressure without any lag. The result is 
an intraocular bubble of diminishing 
volume in an eye whose fluid volume 
was previously diminished by acceler- 
ated outflow during the ascent. There 
is not an accelerated inflow to com- 
pensate for hypotension. The hypoten- 
sive state persists until the ciliary 
body secretes enough aqueous to rein- 
flate the eye. 

The use of preflight acetazolamide 
sodium or timolol maleate to diminish 
ciliary body secretion is probably not 
advisable. Acetazolamide or timolol 
might lower the preflight IOP by as 
much as 5 mm Hg. This amount would 
not be significant during an airplane 
ascent in which the gas-containing 
eye must compensate for a drop in 
cabin pressure of as much as 196 mm 
Hg and an increase in IOP in the 
symptomatic eye of 40 mm Hg or 
more. In the hypotensive state during 
descent and after landing, the dimin- 
ished ciliary body secretion might 
prolong the hypotensive state and 
encourage uveal effusion. 

The patient with postoperative 
intraocular gas who is having symp- 
toms would be advised to ask the pilot 
to diminish the cabin pressure by 
descending to the next flight level, 
which is 4000 ft below (eastbound 
aireraft cruise at 37000 ft, 33000 ft, 
29000 ft, and westbound aircraft fly 
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depending on the PSID of the aircraft 
(Fig 1). This would lower the IOP of 
the patient's gas-containing eye by 


more than half and would probably 


relieve the symptoms (Fig 5). If the 
patient was still in pain, the pilot 


might have to descend one more flight - 


level. The pilot would have to obtain 
permission of the area flight control- 


ler but then could descend at a rate of | 
500 ft/min to the new altitude. Such - 
requests from the patient and the © 


pilot are rational ones and can be 
fulfilled without delay. In an anecdot- 
al report, Brinkley? described such an 
episode occurring in a patient whose 
eye contained gas. At a cabin altitude 


of 7000 ft, the eye became severely - 


painful. The pilot, on learning that the 
passenger’s eye contained a gas bub- 
ble, started the aircraft’s descent, and 
when the cabin pressure reached 5500 
ft, the patient was relieved of pain. 
Six of the 14 pilots interviewed recom- 
mended that the patient at risk with 
intraocular gas inform the pilot 
before takeoff. 
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| We created a computerized mathe- 
ial model of the eye for the simula- 
on. of. refractive surgery. This model 
da slightly prolate shape for a moder- 
ely myopic eye and an idealized aspher- 
_ profile for the cornea. The finite ele- 
ment method and the nonlinear Mooney- 
Rivelin law were used to analyze stress- 
| relationships. Radial keratotomy 
ges stress distribution in the cornea 
ie anterior sclera, with major 
at the paracentral and peripheral 
the incisions. The model pre- 
d that there would be a flattening of 
entral cornea with a posterior dis- 
cement, which increased with an 
in rease in intraocular pressure. A 
` change i in the length of the incision of 0.5 
-.: "mm produced a significant change in cor- 
-.. rection. For small clear zones (3 to 4 mm), 
-incisions of equal length produced com- 
parable changes in refraction. We found 
hat the effect of the corneal radius of 
va ure on the amount of refractive 

| was negligible. We studied the 
ofi lasticity coefficients and corne- 
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n areutate prediction of the change 
Y in refraction after radial keratot- 
“omy depends on achieving a reproduc- 
‘ible surgical technique, while in- 
cluding accurate analysis of individu- 
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.— Preliminary Computer Simulation of the 


Effects of Radial Keratotomy 


Khalil D. Hanna, MD; Francois E. Jouve; George O. Waring III, MD 


al patient variables and considering 
what the effect of wound-healing will 
be over time: 

The process of improving the pre- 
dietability of radial keratotomy pro- 
cedures is moving in two directions. 
First is the development of more 
reproducible surgical techniques. Sec- 
ond is the determination of relevant 
variables inherent to corneal tissue 
mechanies by computer simulation, 
and the estimation of the nature of 
each variable for the purpose of quan- 
titative evaluation. 

Computer simulation can be used to 
predict reactions of the eye to varying 
physiological conditions, such as 
intraocular pressure,  extraocular 
muscle tension, orbital pressure, and 
surgery itself. It can separate the 
instantaneous mechanical effects of 
surgery (elastic or time-independent 
response) from the less-immediate 
and long-term biological mechanical 
effects (mechanical-viscous or time- 
dependent response). 

Many mathematical and theoretical 
biomechanical models of the eye have 
been developed. Some have defined 
the dynamies of the eye and tonome- 
try Others have been applied to 
refractive surgery; these vary from 
basic caleulation to computer simula- 
tion of the eye.** 

Herein, we present the simulation 
of radial keratotomy on a moderately 
myopie eye based on the finite ele- 
ment method and the Mooney-Rivlin 
elastic nonlinear law applied to nearly 
incompressible materials? Simula- 
tions of radial keratotomy were per- 
formed according to an idealized sur- 
gical technique. The instantaneous 
geometrical and mechanical changes 









































on the whole eye are presented, 
the effects of several variables ar 
evaluated. mud 


METHODS  . 
Geometric Definition and. Boundary 
Conditions i 


To allow representations of. 4 
prolate shape of an eye with 5 to. 


that the sclera was stretehadn ma t 
riorly and that the anteropost 
increase was three times the equa 
increase*? (Fig 1, top). We assume 
axial length of 26.5 mm (range, 26. 
mm in myopia of 5 to 6 D) Ta 
presents the values we used to defin t 
moderately myopic eye. pu 

To define an idealized corneal TO 
Lotmar's equation for the cornea 
used’ x =[h?/2r,] - [1  a(h/r;F + b(h 
where x is the profile of the cornea 
the radius of curvature of the centr 
nea, h is the distance to the geon 
axis, and a and b are coefficient 
a = 5/28 and b= 1/12. Figure 1, bo 
shows the progressive flattenin 
cornea from the center to the I 
perfect anteroposterior axial symmetry for 
the eye was assumed in a three-dimension- 
al representation. An intraocular p 
of 15 mm Hg was assumed, while th 
of the orbital pressure was neglecte 








Mathematical Laws and isis 
Coefficients 


We made three P about 
cornea and sclera in this model 
(1) the relationship. between. 
strain is elastic. and aomi 
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Fig 1.— Top, A computer-generated, three- 
dimensional graphic model, quarterview of a 
moderately myopic eye and the finite element 
mesh. Our model includes only one element 
for thickness, except for the depth evaluation. 
Bottom, A computer-generated model of pro- 
gressive flattening of the cornea from the 
center to the limbus, according to Lotmar's 
equation. 


ship, we used the nonlinear Mooney-Rivlin 
law for incompressible materials: 
W =al, + 8I, + f [det(Id + 2€), which de- 
scribes the strain energy at the level of the 
cornea and sclera, where W is the elastic 
potential or the strain energy function and 
the strain tensor at each point. J, and J, are 
the first main invariants of the strain 
tensor, and a and 8 are the coefficients of 
elasticity. The third term of the law is 
added to obtain incompressibility. 

We obtained the two elasticity coeffi- 
cients, a and 6, from data available in the 
literature for the elastic modulus (Young's 
modulus), using values of 2250 kilopascals 
(kPa) for the cornea and 2000 kPa for the 
sclera.^'* Values given for the cornea in 
the literature vary from 2000 to 5500 kPa. 
Young's modulus is a measure of the 
strength of a material and is expressed as 
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Axial length of the eye 

Radius of curvature of corneal central zone 
Radius of curvature of posterior corneal surface 
Diameter of the cornea 

Thickness of the central cornea 


Anterior corneal surface area 
Volume of the cornea and sclera 
Internal volume of the myopic eye 





CANSAN 


SSE 
sei 


the ratio of change in stress (o = force per 
unit area) to the associated strain 
(e = fractional change in length). 

The second assumption, that the cornea 
and sclera are essentially incompressible, 
is based on the fact that the volume of the 
tissue is reduced less than 0.001% under 
the force of an intraocular pressure of 15 
mm Hg." Compressibility measurements 
have been performed on the sclera, which 
has been shown to be nearly incompress- 
ible under physiological loading."'* The 
assumption is important, because the 
degree of compressibility of the cornea and 
the sclera affects the stress distribution in 
the eye. If the eye wall were composed of a 
compressible material, the stress concen- 
tration would be relieved at the inner wall 
of the globe, while material that is nearly 
incompressible leads to more loading of the 


Table 1.—Values Used for Geometric Definition 
of the Eye in Mathematical Model 


Variable Measurement, mm 


Thickness of peripheral cornea at 11 mm diameter 

















916.36 mm? 
7433.56 mm? 






ZA 


Fig 2.—A computer-generated graphic model of the cornea demonstrating the direction of the 
three principle stresses. c, indicates stress along a meridian; o>, stress perpendicular to a 
meridian; and o3, circumferential stress. 


inner surface than the outer surface. 
Therefore, the inner layers of the cornea 
bear more stress than the outer layers. The 
experimental findings of McPhee and col- 
leagues" showed that all corneal layers 
bear intraocular pressure. 

Our third assumption, that the cornea 
and sclera are isotropic and exhibit the 
same physical properties in all directions, 
is incorrect, because the lamellar structure 
of the cornea varies from anterior to poste- 
rior, eg, there are Bowman’s layer, stroma 
(that has anisotropic properties within 
itself), and Descemet’s membrane. Howev- 
er, anisotropic models are difficult to 
build, so for a first approximation we 
assumed only different coefficients of elas- 
ticity for the cornea and sclera, but no 
differences across the thickness of either 
tissue. 
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0 5 10 15 
Center of Cornea Limbus 


Fig 3. — Distribution of three stresses in the normal cornea. Top, 
Stress along a meridian (c,): Stress along a single meridian from the 
center of the cornea to the equator is higher at the posterior 
surface, with a value in the center of the cornea of approximately 10 
dlopascals (kPa) The amplitude increases slightly out to the 
7-mm-diameter point and then diminishes rapidly in the area of the 
im is from approximately 10 to 15 mm, with a maximum amplitude 
‘mm where there is a junction between the cornea and sclera, 
and where we find a negative value for the posterior layer that 
arises. from the change in curvature at the limbal zone. A smail 
: perturbation in this curve is also caused by the two different 
Young's moduli between the cornea and the sclera. In the sclera, 
"there is a new distribution of the meridional stress with a continuous 
ncrease out to the equator from about 15 kPa, with approximately 
he same values across the thickness of the tissue. Center, Stress 
dicular to the surface (c;): This stress has a negative value 
; also higher at the posterior surface, equalizing near the 
8, experiencing an inversion in stress-bearing across the 
s, and then becoming similar across the tissue, and increasing 
bsolute value toward the equator, a pattern generally similar to 
at of the meridional stress, except it moves in a negative instead 
of a positive direction. Bottom, Circumferential stress (hoop stress, 
“@3): This stress is perpendicular to the meridional stress (o,) and is 
“tangent to the surface, comprising the circular, circumferential, or 0 5 
«pur hoop. stress around the cornea. At the center of the cornea it has Center of Cornea 
-.. .the same value as the meridional stress, approximately 10 kPa, and 
. .." increases in value by a small amount from the center to the 
.. . periphery, the highest value being in the area of the limbus at 28 
kPa for the posterior layer and 22 kPa for the anterior layer. The 
differences across the sclera are minimal out to the equator. 


Kilopascals 


Kilopascals 
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Center of Cornea 










c ES to. the thickness of the c cornea, ineluding 
oe the peripheral: increase in thickness. The 
-incisions were made perpendicular to the 
anterior corneal surface. There was a per- 
fect axial symmetry for the eye and for the 
distribution of incisions. The geometric 
and visual axes were superimposed, and 
there was no consideration of the physio- 
logical angle between these two axes. 



















the eye ta calculate. the change in pattie: X 
tive power and the elements in the Gull- 
strand model to compute the total refrac- 
tive change for the eye, as well as simply to 
compute the change in the cornea alone. 









In a separate analysis in a model with RESULTS : 
two elements across the thickness, the Simulation of Baseline Conditions 
effect of the incision depth was evaluated in Low Myopia 
y | for five values. At each simulation, the size 
ing j über of assumptions. The of the elements was altered for the desired We created our model based on the 
pth of incisions made was nearly equal effect of depth. calculation of different stresses in the 
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^ Fig 4.—A model of distribution of stress along one meridian (c,) after radial 99% deep incisions and a 3.0-mm clear zone at E 


an intraocular pressure of 15 mm Hg. We evaluated the stress distributions from the center of the cornea at diameter O to 
approximately a 20-mm-diameter point, along the edge of the incision. Stresses between incisions are not presented. Left, 
. With 8 incisions, the values were greater, approximately 25 kilopascals (kPa) in the posterior layers in the paracentral region, 
but all the values came together across the thickness of the cornea at approximately 15 kPa at a diameter of about 5.5 mm. 
.- Beyond this point in the peripheral corneas, the anterior layers bore more stress than the posterior layers until another 
| equalization point around 11 mm at the limbus. Right, Increasing the number of incisions from 8 to 24 moved the equalization 
- out to about a 7-mm-diameter point and produced a negative stress (a comprehensive force) along the posterior layers in the 
 limbal area. 
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; -A model of distribution of stress perpendicular to the surface (c) after radial 99% deep incisions and a 3.0-mm clear. _ 

ne at an ntraocular pressure of 15 mm Hg. Stresses between the incisions are not presented. Left, With 8 incisions, the- 
amount of tress at the eenter of the cornea is much different between the anterior and the posterior layers. The stress 
be et xtension stress for the inner layers and remains a negative compression stress for the posterior. layers 
a e greater than the. stress before surgery. Here; we do not find a point within the: cornea’ where the stresses are 
hi «ness of the cornea, but rather this point occurs at the limbus, at the end of the incisions. Right, 

mbe oti incisions is increased to 24, even greater stress. is supported yt the > posterior layers... 
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cornea and sc Simulation of Radial Incisions 
 meridian (¢,), the stress perpendicular Using this model, we simulated the 
to the surface (c), and the stress effect of radial incisions that ex- 
tangent to the surface (hoop stress, o,) tended from the edge of a specified 
(Fig 2). Shear stresses are c4, ¢,,, and central clear zone out to a diameter of 
, The first two shear stresses are 11mm. During our initial simulations, 
nearly null because of the greater we found that there was little change 
xial geometry, while c,, is negligible in the sclera from a diameter of 22 to 
except at the level of the limbus. Main 25 mm, that is, approximately 5 mm 
stresses on the cornea and sclera are beyond the limbus, so all of our com- 
described in Fig 3. putations were done using one quarter 
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Fig 6.—A model of distribution of circular or hoop stress (s,) after radial 99% deep incisions and a 3.0-mm clear zone at an 
intraocular pressure of 15 mm Hg. Stresses between incisions are not presented. Left, For 8 incisions, the values for the 
hoop stress in the center of the cornea were similar to those of the meridional stress, but from the edge of the clear zone at a 
3-mm-diameter point, a large difference appears between the anterior and posterior layers, a difference of approximately 60 
kilopascals (kPa). The stress along the posterior layers was a positive extension and the stress along the anterior layers was 
a negative compression. The difference remained similar along the entire length of the incision, with the stresses coming 
together in a positive extension force of about 30 kPa near the limbus. Right, An increase in the number of incisions to 24 
caused the disappearance of the sudden change for the inner layers at the 3-mm clear zone, and induced a larger difference 


in stresses across the cornea out to the limbus. 





Change in Refraction, D 











Posterior 
No. of Displacement 
‘incisions (Flattening), um 
2 8 
4 15 
8 24 
12 29 
24 34 


* Induced by eight incisions that were radial, were 
8995 deep, and extended from 3 to 11 mm in diam- 
 6ter, with an intraocular pressure of 15 mm Hg. 


Posterior 


intraocular 
Pressure, mm Hg 


Displacement 
(Flattening), um 


* Displacement was measured after eight radial 
9936 deep incisions extending 3 to 11 mm in diame- 
ter were made. 


Clear Zone 
Diameter, mm 


Peripheral Incision 
End Point, mm 


Change in Refraction, D 


0 50 











placement in the central cornea 
approximately 6 mm in diameter, 
with a steepening of the cornea and 
the sclera resulting in an anterior 
displacement between 6 and 11 mm in 
diameter, and with a slight but negli- 
gible anterior displacement between 
11 and 22 mm in diameter (Table 2, 
Fig 7). 

The movement of the central cornea 
(flattening) was very small and in- 
creased with an increase in intraoc- 
ular pressure and the number of inci- 
sions (Tables 1 and 2). 


Effect of Number of incisions 


Simulations were done using differ- 
ent numbers of incisions, keeping the 
clear zone diameter at 3 mm and the 
intraocular pressure at 15 mm Hg. 
Figure 8 shows a rapid increase in the 
change of refraction from 2 to 8 inci- 
sions and demonstrates that 4 inci- 
sions obtained two thirds of the effect 
of 8 incisions. More than 8 incisions 
produced only a small increase in the 
change in refraction, and more than 
10 incisions produced almost no 
change. These results are in complete 
agreement with clinical observations 
and earlier calculations.* 


Length of 
incision, mm 


Change in 
Refraction, Diopters 





Change in Refraction, D 
~ 


100 1000 


8 Radial incisions, % of Total Thickness 


Fig 9.— Graphic representation of the change in refraction as a 
function of the depth of the radial incisions. Little effect is achieved by 
: incisions 50% or less deep, and a very large proportionate effect 
. , occurs when the depth of the incision reaches 80% to 99%. D indicates 


diopters. 
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kilopascals. 


2000 





/ Effect of Intraocular Pressure - 


As the intraocular pressure in- 
creased from 10 to 20 mm Hg, there 
was an almost linear correlation with 
the change in refraction (Fig 8, Table 
3). There was a slightly greater 
change when the pressure rose from 5 
to 10 mm Hg than from 10 to 20 mm 
Hg or from 20 to 25 mm Hg. Regres- 
sion analysis showed that the change 
in refraction equals 0.34 times intra- 
ocular pressure plus one. 


Effect of Incision Depth 


Very little change in refraction was 
obtained from incisions of 50% or less 
depth, but a higher effect was realized 
with very deep incisions of 80% to 
99% (Fig 9). 


Effect of Incision Length 


The length of the incision can be 
varied by changing the diameter of 
the clear zone or changing the loca- 
tion of the peripheral end of the inci- 
sion. To simulate the effect of the 
length of the incisions, we studied the 
effect of clear zones 3, 4, and 5 mm in 
diameter, and the effect of peripheral 
zones 10 and 11 mm in diameter. In 
general, a change in the length of the 
incision of 0.5 mm produced a change 
of 1 D of correction. Interestingly, we 
did not find a substantial change for 
incisions of equal length having dif- 
ferent clear zones between 3 and 4 mm 
in diameter, but for incisions extend- 
ing from a clear zone that was greater 
than 4 mm in diameter, there was 
always a decreased effect, no matter 
where the peripheral end of the inci- 
sion was in the cornea (Table 4). 





3000 4000 5000 


Young's Modulus, kPa 


Fig 10.-—Model shows the effect of changes in Young's modulus of 
elasticity on the change in refraction. D indicates diopters; kPa, 
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at eline Central Corneal 
Curvature 


We varied the radii of curvature of 
the cornea by increments of 0.3 mm, 
from 7.2 to 8.4 mm for the anterior 
surface and from 6.3 to 7.5 mm for the 
sterior surface, and assumed a con- 
itant corneal thickness. We found the 
jffect of the radius of curvature on 
the amount of refractive change to be 
“negligible. 





Effect of Corneal Power Change on 
Refraction 


When we compared the change in 
—. power of the cornea with the overall 
^ change in refraction, we found that 
the refractive change was greater 
than the corneal power change by 
approximately 26%, with a fairly lin- 
>- ear relationship. 





Effect of Young's Modulus 





.. When we varied Young's modulus 
Et — from 1000 to 5000 kPa in eyes with 
. . eight incisions, a 3-mm clear zone, and 
an intraocular pressure of 15 mm Hg, 
- we found the lower the elastic modu- 
lus, the greater the correction (Fig 


COMMENT 


Our computerized mathematical 
:model of the eye demonstrated that 
-radial keratotomy changes the stress 
distribution in the cornea and in the 
terior portion of the sclera back to 
bout the 20-mm-diameter zone, but 
-does not affect the equatorial or pos- 
-  terior selera. We present only the 
=- ehanges in stress at the center of the 

cornea and adjacent to the radial inci- 
sions. 
In general, the stress levels were 
increased at the central clear zone of 
- . the cornea by about 300%, most of 
. this increase being taken up by the 
posterior portion of the cornea. The 
ress was very high in the base of the 
isions, because only a very thin 
'etical layer of tissue remained to 
ort all of the forces. As might be 
xpected, large and sudden changes in 
1e stresses occurred at the paracen- 
l-and peripheral ends of the inci- 
ns, the junctional zone between the 
ntact and cut tissue. The major 
changes i in these stresses occurred at 
4.5- to 5.5-mm-diameter zones and at 
^ & 10-mm-diameter zone, the areas 
-> elose to the ends of the incisions. 
c5. These stress changes at the end of 
the incision explained the wound 
opening and the increase in corneal 
irface area. The zone limited by two 
isions was under compressive 
which explained the change in 
ptric. power from one point to 


































Ophthalmol-—Vol 107, June 1989 


another along a given diameter. The 
meridian at middistance between two 
incisions was steep, but disappeared 
with an increase in the number of 
incisions. The small inerease in stress 
between 8 and 24 incisions also 
explained the small amount of diop- 
tric change when more than 8 inci- 
sions were performed. 

Displacement changes were found 
to be related mainly to the intraocular 
pressure, the depth of the incision, the 
number of incisions up to 10, and to 
the length of each incision. The dis- 
placement of the central cornea poste- 
riorly was 24 um using 8 incisions, a 
8-mm clear zone, and an intraocular 
pressure of 15 mm Hg. The scleral 
displacement was negligible (Tables 2 
and 3, Fig 7). The change in refraction 
of the eye was found to be greater 
than the change in the radii of curva- 
ture of the cornea. No significant dif- 
ference in dioptric change was found 
for equal-length incisions when the 
optical zone varied between 3 and 4 
mm, but it was found to be substantial 
for larger optical zones. 

The elastic modulus seemed to be an 
important variable. We found that 
corneas with a lower modulus of elas- 
ticity and presumably older had more 
change than corneas with a higher 
modulus of elasticity. 


Computer Simulation and Clinical 
Observations 


Our computer simulation correlated 
well with many known clinical obser- 
vations and previous calculations. The 
number of incisions, up to about eight, 
increased the change in refraction, 
but thereafter the effect was minimal. 
The depth of the incision was an 
important factor. Deeper incisions 
produced a greater change, particu- 
larly when the depth was greater than 
80% of corneal thickness. Intraocular 
pressure was an important factor and 
increased the effect rather linearly, 
although it has been difficult to iso- 
late this effect clinically by normal 
intraocular pressure measurements.’ 
The preoperative radius of curvature 
of the central cornea seemed to have 
little effect on the outcome, a fact that 
has been a matter of previous debate, 
with most investigators finding that 
the curvature is not an important 
variable in the outcome. 

The length of the incisions was 
clearly important, as demonstrated 
clinically by a decrease in the clear 
zone diameter, but we demonstrated 
that two incisions of the same length 
extending from the 3- to 10-mm-diam- 
eter zone and from the 4- to 11-mm- 
diameter zone had the same effect. 


















































Our Be that We e change 
corneal power would be approxima 
ly 0.2 D less than the change 
total refractive power for each diop 
of change, corresponds to- ‘clinica 
observations in general. i 

The strength of our model ca 
from the use of nonlinear mathem 
ics, the inclusion of the entire corneo 
scleral envelope, and the computat 
of the three main different stress 
For most variables, our model was 
general agreement with other models 
except for the effect of the length 
the incision, which we found to be a: 
important variable. v 


Assumptions About Mechanical. Behavio 
of the Cornea and Sclera - 


There have been a number o 
attempts to characterize the stress 
strain behavior of the cornea and thi 
eye. Woo et al and others tried ti 
determine the local nonlinear elasti 
properties of the corneoscleral shel 
and concluded that viscoelastic ani 
large deformation effects do not occu 
under physiological conditions, . 
opinion not shared by everyont 
They expressed a different. opini 
and determined that the rheologi 
behavior of the eye is not elastic, bu 
is viscoelastic and quite complex. Th 
most complex approach is to build ; 
nonlinear viscoelastic model. Howev 
er, Fung,” in his textbook, suggestec 
that a linear viscoelastic model eouk 
be acceptable for finite deformation: 
under physiological conditions. We 
think that the nonlinear viscoelasti 
model must be accounted for in a. 
sophisticated model that will be use 
to predict the results of human sur 
gery, and will induce major mechani 
cal changes. However, the model 
becomes even more complex when it is. 
applied three-dimensionally. oe 


Assumptions About Distribution of . 
Physical Properties in Tissues — 





The simplest model assumes tha 
the physical properties of à materia 
are identical in all directions, ie, the 
isotropic assumption. Accordingly, 
the applieation of stresses and the 
measure of the strain in any direction 
will result in the same elastic con. 
stants. This assumption is acceptable 
for homogeneous materials such a 
metals or glass, but not for biological 
materials such as wood or connective 
tissue. The anatomic structure of the 
cornea is obviously anisotropic, be- 
cause the cornea consists of multiple 
layers. The corneal stroma is lame 
lar, consisting of inextensible collag 
fibrils enmeshed in a matrix of pi 
oglycans and other materials. € On 
ultrastructural level, we are. awa 
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across the thickness of the tissue that — in tir 


is more than 100 times less than the — into ^ 


modulus for circumferential stress." 
In terms of the cornea, even gross 
clinical experience demonstrates that 
Bowman's layer is stiff and inextensi- 
ble, while Descemet's membrane is 
flexible and more extensible. Jue and 
Maurice? have demonstrated that the 
behavior of the intact cornea seems to 
depend very much on the behavior of 


` the posterior stroma and Descemet's 


membrane. In a separate analysis, we 
sought to simulate differences in the 
corneal mechanical properties using 
three elements across the thickness of 
the cornea with three different elastic 
moduli, and this additional modifica- 
tion gave results that may be more 
realistic. 

Our model described only an instan- 
taneous change in the elastic response 
of the cornea at the equilibrium point 
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el simulated the cornea and the sclera 
fixated at the level of the optic nerve. 
All other current models assume a 


limbal fixation or a short distance 








Wound Pp ina on he Lune: O ir mod- o 


beyond the limbus. A sophisticated us 
model that will simulate the response _ 
of the cornea to refractive surgery ` 


will have to include the anisotropic 


nature of the cornea, the viscoelastic — 


response of the tissue, and all forces 
applied to the globe. 

This challenge i is a formidable one 
and will require collaboration among 
clinicians, basic scientists, and mathe- 
maticians, using powerful computers. 


All computations were carried out at the IBM 
Scientific Center in Paris, France. 
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1 Portrait of Noncompliance 


"| go from the studio one day to location the 
next. Then into the darkroom or back to my 
office. The only way | can keep a schedule is 
to see it in front of me. Thats how | know 


what to do next!” 


Out of sight, out of mind. It's a time- 
worn expression, but one that still holds 
important implications for proper dosing. 

For many patients, a simple visual 
cue can go a long way to prompt the 
next dose. 

since 1980, Propine has provided 
glaucoma patients with twice-daily IOP 
control. But now, with the addition of 
Allergans exclusive C Cap, Propine can 
add a compliance advantage to your 

therapy. 
Propine with C Cap: 
- Tracks next dose to be taken, and 
e Minimizes confusion for patients 
on multidose therapy or multiple 
medications. 
Propine with C Cap is available in 
o mL and 10 mL bottles. 
Please see adjacent page for brief 
summary of prescribing information. 
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| Propine (dipivefrin HCl) 
= v~. sterile ophthalmic solution, 
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.... PROPINE" WITH C CAP" 

Propine with C Cap encourages proper dosing by: 
e Tracking next dose to be taken, and 

e Minimizing confusion for patients on multidose 
_ therapy or multiple medications. 


 PROPINE*(aipivetrin HC) 


~ sterile ophthalmic solution, USP, 0.1% with 


: C CAP™ Compliance Cap B.I.D. 


- INDICATIONS: Propine ee HCI) is indicated as initial 
-. therapy forthe control of intraocular pressure in chronic open- 
- angle glaucoma. Patients responding inadequately to other 
. antiglaucoma therapy may respond to addition of Propine. In 
- controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure 
. reductions ranging from 20-24%. Therapeutic response to 
- Propinetwice daily is somewhat less than 2% epinephrine twice 
-. daily. Controlled studies showed statistically significant differ- 
. ences in lowering of intraocular pressure between Propine and 
--2% epinephrine. In controlled studies in patients with a history 
. of epinephrine intolerance, only 3% of patients treated with 
 Propine exhibited intolerance, while 55% of those treated with 
- epinephrine again developed intolerance. Therapeutic 
response to Propine twice daily therapy is comparable to 276 
. pilocarpine 4 times daily. In controlled clinical studies com- 
X paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels forthe 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
. produce The blurred vision and night blindness offen 
. associated with miotic agents are not present with Propine 
- therapy. Patients with cataracts avoid the inability to see around 
 lenticular opacities caused by constricted pupil. CONTRA- 
INDICATIONS: Propine® should not be used in patients with nar- 
`: row angles since any dilation of the pupil may predispose the 
. patientto an attack of angle-closure glaucoma. This product 
- is contraindicated in patients who are hypersensitive fo any 
of its components. PRECAUTIONS: Aphakic Patients. Macular 
~-edema has been shown fo occur in up to 30% of aphakic 
~ patients treated with epinephrine. Discontinuation of 


-and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human 
response, this drug should be used during aic npo Aa if 
clearly needed. Nursing Mothers. it is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. At in Chil- 
dren. Clinical studies for safety and efficacy in children have 
not been done. Animal Studies. Rabbit studies indicated a dose- 
related incidence of meibomian gland retention cysts follow- 
ing topical administration of both dipivefrin hydrochloride and 
epinephrine. ADVERSE REACTIONS: Cardiovascular Effects. 
Tachycardia, arrhythmias and hypertension have been reported 
with ocular administration of epinephrine, Local Effects. The 
most frequent side effects reported with Propine alone were 
injection in 6.5% of patients and burning and stinging in 6%. 
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T pire Nave uen reported infrequently. Epinephrine therapy can 
-.. lead to adrenochrome deposits inthe conjunctiva and cornea. 
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West Haven Veterans Administra- 
tion Hospital, with co-incident Yale 
School of Medicine appointment. 
Applicant should be skillful adminis- 
trator; a well-trained ophthalmolo- 
gist who will oversee eye patient 
service; and an experienced teach- 
er for the resident training pro- 
gram. Send curriculum vitae and 
bibliography to: Dorothy Weiand, 
Business Manager, Department of 
Ophthalmology & Visual Science, 
Yale University School of Medicine, 
P.O. Box 3333, New Haven, CT 
06510-8061. Affirmative Action/ 
Equal Opportunity Employer. 


Research Assistant 
Professor (4 positions) 


Duties and responsibilities: 
Position 1: Research in visual psycho- 
physics and electrophysiolo- 


gy 
Position 2: Research on gene expres- 
sion of central nervous sys- 
tem, especially translational 
regulation of cell specific 
expressed genes 
Positions 3 & 4: Research related to 
eye pathology and 
macular degenera- 
tion. Knowledge of 
eye bank procedures 
and administration 


Requirements: Doctoral degree in medi- 
cine or basic science with 
two or more years of relat- 
ed research experience 


For fullest consideration submit CV by May 
19, 1989 to: Ms. Betty Gordon, UIC Eye 
Center (m/c 648), University of Illinois at 
Chicago, Chicago, IL 60612. The UIC is an 
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BIO-CORS applied post-operatively to enhance healing 


As a result of Bausch & Lomb 
Pharmaceuticals’ leadership in 
collagen research, recently pub- 
lished studies prove BIO-COR® 
12- and 24-hour Collagen 
Corneal Shields can accelerate 
corneal epithelial healing. 

Healing benefits of 
BIO-COR® Collagen Corneal 
Shields. BIO-COR?® is the first 
and only collagen product which 
can claim all these benefits:* 
= Speeds corneal epithelial heal- 

ing (according to reports, as 

much as 50% or more) 


*Data on file at Bausch & Lomb 
Pharmaceuticals, Inc. 

©1989 Bausch & Lomb 
Pharmaceuticals, Inc. 

All rights reserved. 


= Reduces post-op stromal 
edema 

= Increases fibroblast activity 
at incision 

m Collagen fibers guide cellular 
migration 

= Normalizes surface epithelial 
bonding 

= Protects keratocytes around 
wound 

= Higher collagen content at 
wound site (approximately 
one third more collagen 
available) 

= Comprised of scleral collagen 


BAUSCH & LOMB (9) 
BAUSCH & LOMB 
PHARMACEUTICALS, INC. 


11300 49th Street, North 
Clearwater FL 34622-4807 





In collagen research, Bausch 
& Lomb Pharmaceuticals, Inc. 
stands alone. Over the past 
three years, Bausch & Lomb 
Pharmaceuticals, Inc., as well 
as clinical investigators around 
the world, have been pursuing 
a massive research program 
pioneering new ophthalmic 
applications for collagen. 

Available in various dis- 
solution rates: To suit your 
individual office/patient needs, 
BIO-COR® Collagen Corneal 
Shields come in 12-, 24-, or 
72- hour dissolution rates 
(approximate). 

A breakthrough in corneal 
care, ready for your patients 
today. BIO-COR® Collagen 
Corneal Shields are ready now, 
and we urge you to experience 
their healing benefits with 
your patients. 





To order, call toll-free: 
1-800-832-6393. 


Photo Essays 
. Edited by Malcolm N. Luxenberg, MD 





Magnetic Resonance Imaging and Fundus 
Findings in a Patient With Aicardi's Syndrome 





Fig 1.—Left, Magnetic resonance image of the patient, showing partial agenesis of the corpus 
callosum (small arrow) and an arachnoid cyst (large arrow). Right, Magnetic resonance image of 
a normal child for comparison. Note the normal corpus callosum (arrows). 


Fig 2.—Fundus photographs of the patient's right (left) and left (right) eyes. Both eyes have colobomatous discs and irreg- 
ularly shaped lacunae of hypopigmentation and hyperpigmentation near the discs. 
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S-month-old black female was re- 
ed to the ophthalmology depart- 
& medical history of microceph- 
slopmental delay, hypotonia, 
le spasms, and seizures. Electroen- 
iphy had shown a pattern akin to 
rhythmia. Magnetic resonance im- 
ad shown arachnoid cysts and par- 
'nesis of the corpus callosum (Fig 1). 
ur ophthalmic examination showed 
r fixation and intermittently disconju- 
te eye movements. Both discs were large, 
| colobomatous. Multiple areas of 
rly shaped lacunae of hypopigmen- 
yperpigmentation were near 
(Fig 2). These neurologic and oc- 
gsin a female are consistent with 

nosis of Aicardi’s syndrome. 


COMMENT 


card? s syndrome was first de- 
scribed in 1965.' It is a rare disorder 
found only in females. The requisite 
atures include infantile spasms, 
agenesis of the corpus callosum, and 
ereotypical chorioretinal lesions, 
8 those found in our patient. Af- 
ndividuals are developmentally 
md generally die within the 

ew years of life.” 
logical examinations of the 
ioretinal lesions have shown cho- 
trophy; absence, hyperplasia, 
popigmentation, and hyperpigmen- 
d retinal pigment d 


it inn a pollas Dae 
ott Paper s colobo- 


The infantile spasms are described 
as spasms of flexion, which generally 
appear in the first 6 months of life. The 
agenesis of the corpus callosum can be 
partial or complete. Other central ner- 
vous system abnormalities include 
microcephaly, hydrocephalus, ventric- 
ular diverticula, intracranial cysts, 
cortical heterotopia, absence of the pi- 
neal gland, hypsarrhythmia on elec- 
troencephalography, generalized sei- 
zures, and hypotonia. Vertebral and 
rib abnormalities are also found in 
these patients.'? 

Aicardi's syndrome is thought to be 
an X-linked dominant disorder, which 
is lethal in utero for males. To our 
knowledge, there have been no reports 
of two patients with this syndrome in 
the same family? 

PETER GLooR, MD 
JosE S. Puuipo, MD 

G. FRANK JUDisCcH, MD 
Iowa City, Iowa 
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Conjunctival Implantation Cyst of the Orbit 


Transient Visual Loss With Pregnancy 





Fig 1.— The left eye was proptotic and lateral- 
ly displaced. 


F 


Fig 2.—Left optic nerve head edema. Peri- 
papillary striae extended to the fovea, and 
visual acuity was 20/40 OS. 








kel 


Fig 3.—The B-scan (top) and standardized 
A-scan (bottom) echograms showed a mass 
(asterisks) with low internal reflectivity, sug- 
gesting a cystic lesion. 


924 
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A 26-year-old woman complained of 
transient obscurations in the left eye 
following a difficult labor and delivery. 
Symptoms worsened when she leaned for- 
ward. Her medical history included muscle 
surgery at 2 and 8 years of age for congen- 
ital esotropia and mild amblyopia in the 
left eye. 

The examination 2 weeks postpartum 
revealed a visual acuity of 20/40 OS, globe 
displacement (Fig 1), limited adduction, 





Fig 4.—Computed tomographic scan demon- 
strated a local compression fossa in the medi- 
al orbital wall adjacent to the mass and an 
overall increase in orbital volume. 





magnetic resonance 
image revealed the association of the cyst 
with the medial rectus muscle and compres- 
sion of the posterior pole. 


Fig 5.—Surface coil 


Fig 6.—The cyst wall consisted of a fibrous 
capsule lined by two layers of cuboidal epithe- 
lium and scattered goblet cells (hematoxylin- 
eosin, original magnification X250). 


and fundus changes (Fig 2). Orbital imag- 
ing studies demonstrated a well-circum- 
scribed mass of uniform density and low 
internal reflectivity, associated with the 
left medial rectus muscle and deforming 
the posteromedial globe (Figs 3 through 5). 
An adjacent bony fossa suggested chronic- 
ity. 

A translucent cyst, partially intrinsic to 
the medial rectus sheath, was removed 
through a transconjunctival approach. The 
microscopic examination revealed a con- 
junctival lining (Fig 6). Postoperatively, 
the fundus returned to normal and visual 
acuity improved to 20/30 OS. 

COMMENT 


Acquired conjunctival cysts usually 
result from implantation of surface 
epithelium after surgery or trauma.! 
Enlargement of such cysts is general- 
ly gradual and should not account for 
sudden visual changes. It is known 
that patients with chronic papillede- 
ma due to increased intracranial pres- 
sure may experience transient obscu- 
rations that are precipitated by pos- 
tural changes.? These obscurations are 
presumably due to fluctuations in 
optic nerve head perfusion. 

In our case, we believe that the 
effects of a long-standing, compres- 
sive optic neuropathy were aggra- 
vated by the superimposed hemody- 
namic changes of pregnancy and 
labor. Increased blood volume in preg- 
nancy? and elevated orbital venous 
pressure secondary to Valsalva ma- 
neuvers of labor* may have critically 
lowered an optic nerve perfusion pres- 
sure that was already diminished by 
the local mass effect. 

GERALD J. HARRIS, MD 
RANDALL L. BEATTY, MD 
BRUCE M. Massaro, MD 
MICHAEL F. LEWANDOWSKI, RDMS 
Milwaukee, Wis 
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Surgical Techniques 





Temporary Iris Fixation With a 


Micro-Iris Retractor 


Brooks W. McCuen II, MD; Dyson Hickingbotham; Minghsiung Tsai, MD; Eugene de Juan, Jr, MD 


e We developed a new micro-iris 
retractor to achieve temporary intraoper- 
ative pupillary mydriasis in selected eyes 
undergoing pars plana vitreous surgery. 
The micro-iris retractor and its use were 
compared with previous methods for 
obtaining adequate intraoperative pupil- 
lary dilation. 

(Arch Ophthalmol. 1989;107:925-927) 


A well-dilated pupil greatly en- 
hances visualization of vitreoreti- 
nal structures during pars plana 
vitrectomy, particularly when the sur- 
geon is working in the retinal periph- 
ery. We describe a new, relatively 
simple method to achieve a temporar- 
ily widely dilated pupil in selected 
aphakic, pseudophakic, or phakic eyes 
that are scheduled to undergo lensec- 
tomy as a part of a pars plana vitrec- 
tomy procedure. 


INSTRUMENT AND PROCEDURE 


We developed a tiny micro-iris retrac- 
tor, modified from our previously de- 
scribed retinal tacks,' designed to achieve 
temporary iris fixation and a widely dilat- 
ed pupil during vitreous surgery in selected 
eyes. Our system consists of a small stain- 
less-steel tack with an iris hook built onto 
its proximal end (Fig 1, top). The very 
sharp anterior blade at the distal end of 
the tack allows easy insertion through the 
peripheral cornea at the limbal area. The 
micro-iris retractor applicator consists of 
a 20-gauge steel tube into which the forked 
holder can retract, firmly securing the 
retractor during placement and removal 
(Fig 1, bottom). 

When the retractor is secured in the 
applicator, it can be placed through the 
customary small sclerotomies created for 
20-gauge three-port pars plana vitreous 
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surgery. A microcannula facilitates entry 
of the retractor and applicator into the eye 
but is not required.’ Alternatively, in some 
pseudophakic or initially phakic eyes, it is 
possible to insert the micro-iris retractors 
through separate small beveled limbal 
incisions if desired. From the superotem- 
poral sclerotomy or temporal limbal inci- 
sion, iris retractors are directed anterior to 
the lens or intraocular lens (if present) 
into the anterior chamber. With the long, 
sharp end anteriorly positioned, the pupil- 


lary edge of the iris in the superonasal 
quadrant is caught in the proximal hook of 
the retractor and the retractor pushed 
peripherally so that its long blade pene- 
trates the peripheral part of the cornea at 
the corneoscleral limbus (Fig 2, top). Gen- 
tle counterpressure with a cotton-tipped 
applicator facilitates penetration of the 
cornea and minimizes distortion of the 
globe. The retractor is then released so 
that the pupil is fixed in the meridian of 
the retractor (Fig 2, center). A second 


Fig 1.—Micro-iris retractor. Top, Scanning electron micrograph showing micro-iris retractor and 
forked applicator. The fork can be retracted by spring action. The retractor is 2.5 mm in length 
with a maximum diameter of 0.9 mm. Bottom, Micro-iris retractor held by applicator, ready for 
placement. 
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Fig 2.— Temporary iris fixation with micro-iris retractors. Top, Micro-iris retractor and applicator 
in the eye through the superotemporal sclerotomy, ready to engage the superonasal pupillary 
margin of the iris. Center, Release of retractor after penetration of peripheral cornea. The iris is 
now fixed in the superonasal meridian. Bottom, Rectangular, widely dilated pupil achieved after 
placement of four micro-iris retractors. 
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micro-iris retractor is then placed through 
the same sclerotomy and directed to fix the 
iris in the inferonasal quadrant. In a simi- 
lar manner, the iris is fixed inferotempo- 
rally and superotemporally by retractors 
applied from the superonasal sclerotomy 
or beveled limbal incision. Fixation of the 
iris in four quadrants produces a large 
rectangular pupil, affording excellent visu- 
alization of the posterior and anterior 
areas of the fundus (Fig 2, bottom). At the 
conclusion of the procedure, the micro-iris 
retractors are removed by reversing the 
steps performed during insertion. If the 
pupil does not spontaneously become 
round, a small amount of miochol is 
injected over the peripheral part of the 
iris. If the iris still does not return to its 
original shape, microforceps are used to 
grasp the pupillary edge and gently pull 
the iris centrally. 


COMMENT 


Preoperative and/or intraoperative 
pupillary miosis compromises vitre- 
ous surgery and has led to a variety of 
treatments designed to provide an 
adequate pupillary opening. Pupillary 
miosis can sometimes be effectively 
treated with topical, periocular, or 
intracameral dilating agents? Such a 
pharmacologic approach to pupillary 
dilation may, however, be ineffective 
in certain cases or associated with 
toxic effects to the cornea.‘ 

Enlargement of the pupil by exci- 
sion of portions of the pupillary mar- 
gin is usually effective in creating an 
adequate  pupillary aperture for 
vitreoretinal surgery. This surgical 
enlargement of the pupil with the 
vitreous cutter can occasionally cause 
intraoperative bleeding and/or exac- 
erbation of postoperative fibrin for- 
mation, particularly in eyes undergo- 
ing vitrectomy for retinopathy of pre- 
maturity. In addition, surgical pupil- 
lary enlargement is usually perma- 
nent, thus increasing the risk of post- 
operative problems related to corneal 
contact by extended intraocular tam- 
ponades.* 

Several surgical procedures to 
achieve good temporary pupillary 
dilation for intraocular surgery have 
been described. Eckardt and Uter- 
mann"? described a technique for tem- 
porary iris fixation during vitreous 
surgery by iris suturing. This ap- 
proach requires a fourth sclerotomy 
and is somewhat time consuming and 
awkward to accomplish. Madeira and 
Stern? described an iris suture hook to 
facilitate Eckardt and Utermann’s 
procedure. Zivojnovic? described a 
modification of temporary iris sutur- 
ing to achieve a triangular pupil with 
two sutures with the use of a needle 
designed for retinal suturing. McRey- 
nolds'' described a “pupil dilator” for 
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or attached fo a wire specu- 


ave tested our  micro-iris 

tors in enucleated human eyes, 

ve rabbit eyes, and eyes of patients 
-.-jntractable preoperative or 
traoperative pupillary miosis un- 
3 rgoing pars plana vitrectomy. All 
patients were preoperatively aphakic 
or pseudophakic or were scheduled to 
undergo lensectomy at the time of 
their vitreous surgical procedure. In 
each case, the micro-iris retractor 
was successful in producing a widely 
lated pupil at the time of surgery, 
atly facilitating anterior and 
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likelihood of intraoperative lens dam- 
age. Miero-iris retractors are always 
removed at the end of the vitrectomy 
procedure. 

Complications related to the use of 
the retractors were infrequent. The 
pupil usually rapidly returns to its 
normal configuration postoperatively, 
although mild irregularity and resid- 
ual enlargement similar to those seen 
with iris sutures’ occasionally occur. 
Peripheral anterior synechiae some- 
times are noted at the retractor sites. 
In one of our first cases a micro-iris 
retractor was not well inserted, and it 
subsequently fell back onto the retinal 
surface. This retractor was regrasped 
and again inserted without evident 


References 


surgery, II: surgical technique and complications. 
Am J Ophthalmol. 1972;74:1022-1033. 

6. Sternberg P, Hatchell DL, Foulks GN, et al. 
The effect of silicone oil on the cornea. Arch 
Ophthalmol, 1985;103:90-94. 

7. Eckardt C. Pupillary stretching: a new pro- 
cedure in vitreous surgery. Retina. 1985;5:235- 
238. 


8. Eckardt C, Utermann D. Chirurgische 
pupilenerweiterung im rahmen komplizierter 
amotiooperationen. Klin Monatsbl Augenheilkd. 
1986;188:118-121. 


- peripheral dissection. The micro-iris iid 
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Lawrence M. Kaufman, MD, PhD 


-© The headrest of a neodymium-YAG 
ophthalmic laser was modified to accept a 
reclining patient. Laser procedures were 
then performed on children who were 
resting in a lateral decubitus position on a 
stretcher before the laser. Very little 
manipulation or stimulation of the children 
was required, and so the procedures 
could be done using intravenous sedation 
or ketamine hydrochloride without endo- 
tracheal intubation. The modified head- 
rest can increase the indications for laser 
surgery in uncooperative children by mak- 
ing. the procedure less troublesome. 

P (Arch Ophthalmol! 1989;107:928-929) 





(phthalic laser procedures, which 
^J are commonplace in treating 
cooperative adult patients, are ap- 
proached with more reluctance in the 
pediatric population. Laser surgery 
in uncooperative patients, usually 
children, is done with general anes- 
thesia and endotracheal intubation— 
ither with the patient in a supine 
position using a microscope-mounted 
laser’ or with the patient propped up 
nto a seated position so that the head 
can be placed on the headrest. of the 
ore Ths Sranane office-type la- 
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done on sleeping children in a lateral 
decubitus position. 


INSTRUMENT AND TECHNIQUE 


A neodymium-Y AG laser (Lasag Micro- 
ruptor 2) was used. This instrument has a 
typical slit-lamp headrest that is secured 
to the table by two easily accessible bolts. 
A wire from an interlock on the forehead 
strap of the headrest unplugs from a panel 
beneath the table and overrides the mech- 
anism. A new headrest was designed to 
accept a reclining patient (Fig 1). A rectan- 
gular aluminum frame supports a flat 
platform, which can be raised or lowered. 
The bottom piece of the frame has tapped 
holes that are matched to the bolts on the 
table, so that the two headrests are easily 
interchangeable. 

Children who were unable to cooperate 
for the laser procedure were given either 
intravenous sedation or ketamine hydro- 
chloride to induce sleep. A stretcher with 
the patient in a lateral decubitus position 
was brought alongside the laser, and the 
patient’s head was placed on the platform 
of the modified headrest within working 
distance of the laser (Fig 2). The laser 
surgery was then routinely performed, 
taking into account the horizontal orienta- 
tion of the patient. Endotracheal intuba- 
tion was not required since there was very 
little manipulation of the patients. 


COMMENT 


Reports of ophthalmic laser surgery 
in pediatric patients include argon 
laser photocoagulation for retinoblas- 
toma,^^ Coats’ disease, myopic retinal 
degeneration, and vitreoretinal trac- 
tion associated with pars planitis.’ 
Other studies have described argon 
laser peripheral iridotomies in a child 
who suffered acute angle closure glau- 
coma after scleral buckling for reti- 


odification of an Ophthalmic Laser for Use in 
sedated, Reclining Children 


Fig 1.— Modified headrest for ophthalmic 
laser is all aluminum. Frame (a) is made of 
15-mm rod that measures 34 X 62 cm. Frame 
supports 30 X 33 X 0.6-cm platform (b). Plat- 
form is attached to cylindrical frame sleeves 
(c), which have clamping screws to allow 
adjustment of platform height. Bottom piece of 


frame is 2.5 X 35.5 X 0.9-cm bar (d), which | 


has two 5-mm-tapped holes that are centered 
83 mm from each end to accept table bolts 
(e), two 8-mm-untapped holes that are cen- 
tered 127 mm from each end to accept table 
pegs (D, and 5-mm-untapped hole that is 
centered 162 mm from near end to override 
fail-safe button on tabletop (g). 
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Fig 2. —Asleep patient is in right lateral decu- 
bitus position on stretcher in front of laser. His 
head rests on pillow on platform, facing laser 
di very system. Endotracheal intubation is 





apathy of prematurity® and krypton 
aser photocoagulation of subretinal 
neovascular membranes in a child.’ 
.Neodymium-YAG lasers have been 
== used in children for posterior capsulo- 
tomy after extracapsular cataract 

. surgery?" and for laser trabeculoplas- 
ty in juvenile open angle glaucoma." 
‘Many children are not able to coop- 
te for the laser procedures. This 
necessitates general  anesthesia— 
ier using a microscope-mounted 
"with the patient in a supine 
sition? or with the patient propped 
“up into a sitting position before an 
i office-type laser.j^? This latter proce- 
.dure is technically difficult and risky 
(especially with larger children), 
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requiring substantial manipulation of 
an anesthetized, intubated patient 
and several support personnel. Hiles 
and Hered* recommended implanta- 
tion of posterior-chamber intraocular 
lenses in children with cataracts only 
when the children are able to cooper- 
ate for neodymium-Y AG laser capsul- 
otomy because of the operative risk of 
performing the laser procedure with 
the child under anesthesia and in an 
upright position. Microscope-mounted 
lasers are not universally available. 
These considerations must enter into 
the risk-benefit ratio of the laser pro- 
cedure, limiting the indications for 
the procedure and possibly leading to 
a delay in treatment. 

À modified headrest for an office- 
type ophthalmic laser has been 
described here, so that the laser sur- 
gery can be easily done on a reclining, 
asleep patient. Very little manipula- 
tion of the patient is required, so that 
the procedure can be done with the 
patient either under sedation or under 
general anesthesia with ketamine 
without the need for endotracheal 
intubation. This makes the procedure 
technically easier and presumably 
safer, and it should increase the indi- 
cations for laser surgery in the unco- 
operative patient. 

Roseman" has recommended a sim- 
ilar reclining approach to patients in 
need of photocoagulation after vitrec- 
tomy and gas-fluid exchange, so as to 
float the gas bubble out of the laser 
pathway. 

Finally, the platform of the modi- 
fied headrest has also been used to 
hold small animals during experimen- 
tal laser procedures, so that extra 
personnel were not needed to assist. 




























This shidy was is supported: in. part. by. 
grant 7038 and core grant 1792 from the. Nati 
Eye Institute, Bethesda, Md, and by. an 
stricted grant from the Research to Preven 
Blindness, Ine, New York. 

The modified headrest was built by the inst 
ment shop at the University of Illinois, Chicag 
and is not commercially available, "i 
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An Automated Aspirating-Backflush System for 


Fluid-Gas Exchange and Retinal Manipulation 


Brooks W. McCuen II, MD, Dyson Hickingbotham 


e We have designed a new instrument 
for use in fluid-gas exchange and retinal 
manipulation that combines automated 
aspiration with reflux capabilities. Reflux 
capability further reduces trauma to the 
retina when performing procedures using 
active linear aspiration. 

(Arch Ophthalmol. 1989;107:930) 


A variety of instruments have been 

designed to facilitate fluid-gas 
exchange and internal drainage of 
subretinal fluid by minimizing trau- 
ma to the retina at the drainage site.'? 
We have designed a new instrument 
that allows foot pedal-controlled lin- 
ear aspiration when used with a mod- 
ern vitrectomy console in combination 
with the capability for backflushing 
at the tip (Figure). 


INSTRUMENT AND PROCEDURE 


The Silastic tubing used to control aspi- 
ration emanating from the distal aspect of 
the instrument handpiece is connected by 
means of a three-way stopcock to the aspi- 
ration system of the vitreous console (Fig- 
ure, left). When use of the aspiration- 


Accepted for publication January 27, 1989. 

From the Department of Ophthalmology, Duke 
University Eye Center, Durham, NC. 

Reprint requests to Duke University Eye Cen- 
ter, Box 3802, Durham, NC 27710 (Dr McCuen). 





backflush system is desired, the three-way 
stopcock is adjusted to open the aspirating 
line to the aspiration-backflush system. If 
incarceration of unwanted material occurs 
at the tip of the instrument, the surgeon 
ceases aspiration and depresses the finger 
actuator on the aspiration-backflush hand- 
piece to reflux fluid at the instrument tip, 
thus releasing the unwanted material (Fig- 
ure, right). The drainage needle is designed 
to be interchangeable to allow use of a 
variety of drainage needle diameters and 
designs. Any drainage needle with a 
standard female Luer-Lok connection can 
be used. 


COMMENT 


In addition to facilitating fluid-gas 
exchange and internal drainage of 
subretinal fluid, the aspirating-back- 
flush system is also of great value in 
performing a variety of retinal 
manipulations. Since it is armed with 
a soft-tipped needle, this instrument 
has the ability to pick up and release 
retinal tissue precisely; this makes 
reposition of the retina in giant reti- 
nal tears or relaxing retinotomies rel- 
atively safe and easy. The retina can 
also be “cleaned” of fine, nearly invis- 
ible membranes and  pigmentary 


debris by controlled retinal vacuum 
cleaning made possible by linear con- 
trol of aspiration and reliable reflux 
capabilities. 


We have extensive clinical experi- 
ence with this aspiration-reflux sys- 
tem, having used it in more than 100 
patients. We have found this system 
to be reliable, safe, and effective. 
When used through silicone oil there 
is some tendency for the needle tip to 
become occluded by the oil, but this 
can be remedied by having at least 
two tips available to allow a rapid 
change of tips if one becomes 
clogged. 


This investigation was supported in part by 
grants from the National Society to Prevent 
Blindness, Schaumberg, Ill, the Adler Founda- 
tion, New York, NY, and the United Way, Morris- 
town, NJ. 

This instrument is available from Grieshaber 
and Co, Fallsington, Pa. Duke University 
receives royalties related to the sale of this 
instrument. 


References 


1. Escoffery RF, Grand MG. A flute syringe 
for vitreous surgery. Arch Ophthalmol. 1980; 
98:2059. 

2. Charles S. Vitreous Microsurgery. Balti- 
more, Md: Williams & Wilkins; 1981:80-81. 

3. Zivojnovic R, Vijfvinkel GJ. A modified 
flute needle. Am J Ophthalmol. 1983;96:548-549. 

4. Flynn HW Jr, Lee WG, Parel JM. A simple 
extrusion needle with flexible cannula tip for 
vitreoretinal microsurgery. Am J Ophthalmol. 
1988;105:215-216. 

5. Zivojnovie R, Vijfvinkel GJ. A brush back- 
flush needle. Arch Ophthalmol. 1988;106:695. 





The aspirating-backflush system. Left, The handpiece with soft-tipped tapered needle. The Silastic tubing is connected to 
the aspiration system of the vitreous surgical console. Right, Depression of the finger actuator creates reflux of fluid at the 
instrument tip for release of the engaged tissue. 
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! oni haln nology in Other Countries 


Ophthalmology in India 


di; an independent country since 1947, has the second 
highest population in the world. Nearly 70% of its 785 
on people live in rural areas, and many are poor (the 
ross national income per capita is only $250). Health care 
he responsibility of both the national and state govern- 
Lents; there are 26 states and five centrally administered 
reas called union territories. 

.— Searcity of ophthalmologic care in the poor, remote rural 
areas, due to problems of communication and lack of 
ansport facilities, has made it difficult for these people 
get an early diagnosis and treatment of eye disease. 
sequently, there is a high prevalence of blindness in 
ountry. A 1972-1973 survey by the Indian Council for 
cal Research estimated that there were 9 million 
persons in India. Blindness was then defined as a 
sual acuity less than 6/60 (20/200) in the best corrected 
eye. The World Health Organization subsequently defined 
blindness as 3/60 (20/ 400) in the best eye; accordingly, the 
 — number of blind in India is estimated at almost 3.5 
-.. million. 





OPHTHALMOLOGIC PRACTICE 





















There is no national compulsory insurance system for 
dical care (except for industrial employees, who have 
ate clinies and hospitals called Employees State 
urance hospitals). In the rural areas, health care is 
vided by state-operated primary health centers, which 
e one general practitioner and no specialty care. For 
ee treatment of eye problems, rural residents may go to 
ie ophthalmology department of a government-supported 
istrict general hospital or a hospital i in a taluk, a subdivi- 
sion of a district, or the people in rural areas may go to 
private practitioners who charge for consultation and 
treatment. Ophthalmologists in private practice charge a 
onsultation fee from $1 to $10. The fee for cataract 
irgery ranges from $10 to $600 with an extra charge for 
traocular lens implantation of up to $100. 

‘There are approximately 6000 qualified ophthalmolo- 
sts in India. Because of the shortage of ophthalmologists 
ral areas, people who suffer agricultural injuries or 
uma to. the eye may see the general practitioner 
ipt ion for ointment or they may resort to home 
st milk, castor oil, etc). The traditional 
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couchers (ie, traditional healers who practice the reolir 
tion of a defective lens by pushing it into the vitre 
that it does not interfere with vision) still practice it 
parts of India. In large cities, ophthalmie care i 
available at regional and state eye institutes, hosp 
affiliated with medical colleges, and private eye hospiti 
operated by voluntary organizations. Es 


OPHTHALMOLOGIC TRAINING 


In the 41 years since India gained its independence, t he 
number of medical schools has increased from 16 to 106. A 
in the United States, ophthalmology is a compulso 
subject taught to all undergraduate students of medici: 
Students in groups of 15 to 20 rotate through the oph: 
mology service for six to eight weeks. They receive cli: 
training (seeing patients and observing surgery) for fo 
hours every day and attend lecture classes. In almost al 
medical colleges, the ophthalmologic examination is p: 
of the final medical examination. After completion of 4 
years of medical school, a one-year internship is per 
formed. 

Postgraduate ophthalmologic training is offered - 
about 60 medical colleges in the country. Physicians - w 
want to specialize in ophthalmology may participate in 
two-year training program for a Diploma in Ophthalmo 
gy (DO) or a three-year program for a Master's of Si 
(MS) in ophthalmology. In the few states that require 
before application for the MS, the postgraduate trai 
will take a total of four years. Both the DO and | 
programs are similar to the three-year residency training 
program in the United States. 

The ophthalmologic training includes basic science su 
jects such as ophthalmic anatomy, physiology, bioche 
try, pathology, and optics. The residents, or postgradu 
as they are also called, see patients in the wards a 
outpatient elinies. They are trained to perform catar | 
glaucoma, dacryocystectomy, and other operations. "The 
range of subspecialty [sese d of ru is similar tc 


About 400 candidates are ésta Beare ning in Ind n 
and D 300 persons Jrgalify fo for. the he D 




































































onsists of theory papers e à sects for the MS) as welll as 
linical and oral tests. In a few colleges, the MS candidates 
also need to demonstrate competence in performing sur- 
gery. The MS is a compulsory qualification for a teaching 
position at a medical college. Physicians with a DO can 
“work in government hospitals, voluntary institutions, or 
private practice. 

> The Medical Council of India is the accrediting authority 
‘that sets the standards of training for undergraduate and 
-postgraduate medical studies and for the DO. Examina- 
“tions are conducted by the regional university with which 
‘the medical college is affiliated. 

.. An additional certification for which a few candidates 
apply is the Diplomate in Ophthalmology administered by 
India's National Board of Examinations. This is equivalent 
to a postgraduate degree in ophthalmology. 


NATIONAL PROGRAM FOR CONTROL OF BLINDNESS 


= India was the first among the developing countries to 
.Start a National Program for Control of Blindness in 1975. 
India’s prime minister has given top priority to this 
.program, and the goal is to reduce the prevalence of 
“blindness from 1.4% to 0.8% of the population by the year 
2000. To achieve this objective, the following strategies are 
planned" (1) The training of all categories of eye health 
personnel will be stepped up. It is estimated that 18000 eye 
surgeons will be required by the year 2000 (1 per 50000 
population). (2) The many voluntary, individual, and orga- 
nizational efforts to control blindness should be coordi- 
nated. Emphasis is on reducing the prevalence of cataraet 
and corneal blindness due to trachoma, xerophthalmia, 
and injuries; on research relevant to these blinding condi- 
tions; on visual rehabilitation; and on health education. An 
institutional infrastructure was developed to delineate 
these activities. The primary health centers in the villages 
are responsible for providing primary eye care, which 
includes treatment of simple ocular disorders and commu- 
nity health education on eye disorders. Specialized eye 
care, training of personnel, and research are the responsi- 
bilities of the district ophthalmic services, mobile ophthal- 
mie units (see below), medical colleges, regional and state 
eye institutes, and an apex organization similar to the 
National Eye Institute (the Rajendra Prasad Centre of 
Ophthalmic Sciences, located in New Delhi). 

.— An essential part of the national plan is the setting of 
annual targets for each state and district. To reduce 
-blindness due to cataract, India needs to increase the 
-number of cataract operations from about 1 million to 4 or 
5 million each year. Studies in 1983 by the Indian Council 
"for Medical Research and the National Program for Con- 
trol of Blindness estimated that there were 7.5 million 
-mature and hypermature cataracts and 4.2 million cata- 
-ractous eyes with visual acuity between light perception 
and 1/60 and another 4.2 million with visual acuity 
etween 1/60 and 3/60 (unpublished data, Madan Mohan, 
MD, Rajendra Prasad Centre of Ophthalmie Sciences, 
India) Voluntary agencies currently perform more than 
half of the cataract operations in India. 

. Another integral part of the plan to control blindness is 
the use of mobile units. The national program operates 
„more than 80 mobile ophthalmic units that have their own 
. Staff and vehicles. These units travel at regular intervals 
‘throughout different parts of India to provide ophthalmic 
care in the villages, primary health centers, and taluk 
hospitals. In addition, the mobile units regularly organize 
"eye camps" in their region. 

Voluntary organizations first began conducting eye 
camps in India more than 60 years ago. International 
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organizations such à as s ihe Royal Commonwealth Socit 


for the Blind, Operation Eye Sight Universal, Christoffel . 






Blindenmission, and Seva support the voluntary eye hos- 
pitals in providing this form of short-term ophthalmic - 


care. Since hospital facilities are not adequate to operate 
on all the patients, community halls and school buildings 
are selected for eye camps. A portion of the building is 
temporarily converted into an operating room, and the 
other areas are used for lodging the patients. In northern 
India, the patients bring wooden cots with them or are 
provided cots by the local people. In southern India, where 
the climate is warm, patients rest on mats on clean floors. 
Visiting eye surgeons and nurses examine all of the 
patients and select those requiring surgery. The operations 
are done in the camps using the same techniques as in the 
hospitals. All over India thousands of eye camps are 
organized each year, and many thousands of patients are 
operated on. 

In the eye camps run by the Indian government, the 
examination, operation, and glasses are provided free. In 
some states, free food is provided for the patient and one 
visitor or for the patient only. In other areas, the patients' 
relatives come with them and cook food for them. 


TRAINING OF PARAMEDICAL WORKERS 


To increase the labor force that provides eye care, the 
National Program for Control of Blindness has given 
priority to the training of paramedical ophthalmic assis- 
tants. More than 3000 ophthalmic assistants have been 
trained to provide primary eye care. À training program 
has been organized in 37 medical colleges, comprising six 
months of institutional training and 1% years of supervi- 
sion in a field practice area (mobile ophthalmic unit, 
district hospital, and primary health center). Ophthalmic 
assistants train the primary health workers in eye care, 
refract the eye and test vision, prescribe glasses, screen for 
preventable eye diseases, such as vitamin A deficiency, 
treat patients for eye ailments, assist personnel of mobile 
units in conducting eye camps, and help in community 
education on eye care by going from house to house. More 
than 2000 primary health centers have ophthalmic assis- 
tants. 

A few schools of optometry have been established since 


1950. Optometrists work in government hospitals assisting. 
ophthalmologists with refractions. Eyeglasses are pre- - 


scribed by ophthalmologists and ophthalmic assistants. 
There are also a few schools that train orthoptists. 


RESEARCH AND CONTINUING EDUCATION 
Basic and clinical research is done in several institutions 


with support from the Indian Council for Medical Research * 


and from state medical research funds. Under the Indo-US 
Agreement, research and epidemiologic studies are con- 
ducted on xerophthalmia, cataract, and Eales's disease in 
selected centers in India. 

The All India Ophthalmic Association and the State 
Ophthalmic Association regularly organize continuing 
education programs in their states. Indian ophthalmolo- 
gists living in the United States often visit different 
centers in India and offer educational programs. 





GOVINDAPPA VENKATASWAMY, MS 


Madurai, India 
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T'S EASY TO PICK 
THE FUTURE FOCUS. 
GRADUATE. 


A knowing glance, a tilt of the head—these wont 
give the Future Focus graduate away. No, you'll 
recognize this physician by how he or she identi- 
fies practice opportunities, manages staff and 
makes the tough business decisions without 
delay. 


Only a sampling of the differences you might see 
from Future Focus—a business and career plan- 
ning program for residents and fellows. 





In weekend seminars in Chicago, April 29-30; 
Atlanta, September 16-17; New York, September 
23-24; New Orleans, October 28; and Newport 
Beach, California, November 18-19 you'll learn, 
among other things, what the driving forces are in 
the health care system today and how to position 
yourself for financial survival. 


ins 
Call 1(800) 877-6240 for a free brochure or ask 
your Allergan representative about Future Focus. 


Future Focus. It’s just what you need to stand out from the crowd. 
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Continuing Education for Ophthalmologists 


I a list af cone education boc esie dd ee oe is sine 


for. Wide in the list free of charge. Dene will be uh ed for three RED 
i onths and should be received at least two months prior to date of course, eg, by Jan 1 to 
be included in the March, April, and May issues. A course held between the first and 14th 
days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published. unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration. fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Cinda Gislason, Archives of Ophthalmology, CME, 
1855 W Taylor St, Chicago, IL 60612. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA DISTRICT OF COLUMBIA 


Ninth Ann Current Concepts in Ophthalmol At: 
. Sun Diego Dates: 6/23/89 to 6/25/89 Contact: 
San Diego Eye Bank, 4077 Fifth Ave, San 
Diego, CA. 92103-2180; (619)260-7299 


Armed Forces Inst of Pathology & Am Registry of 
Pathology Ann Courses At: Washington, DC 
Dates: 8/26/89 to 8/27/89 Contact: Exec Dir, 
Am Registry of Pathology, Armed Forces Inst 
of Pathology, Washington, DC 20306-6000 


FLORIDA 


Ocular Trauma & Emergency, Malpractice Avoid- 
ance, & Medicare Reimbursement At: Panama 
City Dates: 8/9/89 to 8/13/89 Contact: Ala- 
bama Ácad of Ophthalmol, Ann Mtg Informa- 
tion, Box 11252, Birmingham, AL 35202; 
(205)322-3084 


"Basic Science Course in Ophthalmol At: Stan- 
< ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 

Contact: J. W. Bettman, MD, Dept of Ophthal- 
. mol, A-157, Stanford Med Center, Stanford, CA 


COLORADO 


Seventy-Fourth Ann Summer Mtg At: Snowmass 
. Village Dates: 7/1/89 to 1/5/89 Hrs Instr: 16 
- Contact: Carol Goddard, Box 4834, Englewood, 
CO 80155; (303) 770-6048 


GEORGIA 


Fifth Biennial Contact Lens Seminar At: Alanta 
Dates: 6/15/89 to 6/17/89 Reg Fee: $300 Hrs 





Med, 1440 Clifton Rd, NE, Atlanta, GA 032: 
(404YT21-5695 CU 


HAWAII | 
Glaucoma, Pediatric Ophthalmology, & Neuro- 


Ophthalmology At: Kamuela Dates: 8/5/89 to = 


8/12/89 Hrs Instr: 28.5 Contact: B. J. Johnson, 
USC Sch of Med, 1975 Zonal Ave, KAM 314, Los 
Angeles, CA 90033; (213)224- 7051 


ILLINOIS 


Second Ann UIC Eye Ctr Contact Lens Course: 
Basic & Advanced Topics At: Chicago Dates: . 
6/23/89 to 6/24/89 Reg Fee: $100 each day - 
Contact: Contact Lens Conf Registrar, UIC - 

Conf & Institutes, Box 6998, Chicago, IL 60680; — 


(312 )996-5225 


MAINE 


Fourteenth Ann Sem in Ophthalmol: Vitreoretinal 


Dis & Surg At: Watervilie Dates: 7/23/89 to 7/ 
27/89 Hrs instr: 18 Contact: R. H. Kany, Colby 
Zoll, Waterville, ME 04901; (207)872-3386 


MARYLAND 


Nineteenth Ann Meet of the Retinal Vascular Ctr 
At: Baltimore Date: 6/30/89 Reg Fee: $200, 
100 res & fellows Hrs Instr: 8 Contact: Prgm 
Coord, CME, The Johns Hopkins Med Inst, 
Turner 22, 720 Rutland Ave, Baltimore, MD 
21205; (301)955-2959 


Nineteenth Ann Mtg Wilmer institute At: Balti- 
more Date: 7/28/89 Hrs Instr: 8 Contact: Office -- 


of CME, The Johns Hopkins Medical Institu- - 


tions, Turner 57, 720 Rutland Ave, Baltimore, 
MD 21205-2195; (301)955-2959 


à linical Advances for the Practicing Ophthalmologist 












Lexington, Kentucky 


Course Co-Directors 
~~ Rick D Isernhagen, M.D. 
ü uce H. Koff ler, M.D. 


“Emily Y. Chew, M.D, 

- Baltimore 

Jack Hartstein, M.D, 
St. Louis 

John D Hunkeler, M.D, 

^: Kansas City 

Robert P. Murphy, M.D, 

© Baltimore 

John W Shore, M.D, 

a [UON 





ington Faculty 

John W Collins, M.D 

Rick D Isernhagen, M.D. 
‘Brace H. Koffle MD | 
William N. Offutt, IV, M.D.- 
William |. Wood, M.D WP 


with an updated, pracucal approach to 
recent advances in the management of: 
cataracts, diseases and surgery of the 
ocular adnexa, anterior segment, and 
vitreoretinal disorders, 


Program Highlights 


Cataract Surgery 

* ECCE techniques 

* IOL update 

* Phaco and small incision surgery 

* Complications and problem solving 

Plastics 

* Update on eyelid malposition and 
surgical treatment 

* Blepharoplasty surgery 

* Lacrimal surgery 

Cornea 

* Pre and post cataract astigmatism 

* Update on Excimer laser 

* Refractive surgery 

Retina 

* Retinal vascular diseases 

* Macular disease 

* Endophthalmitis and trauma 

* Vitreoretinal surgery 


A Objectives Registration - 
September 15-16, I989 This one and one-half day program will qitisri ET aS Grn Beene $250.00 = 
Hyatt Regency-Lexington provide the practicing ophthalmologist Residents, Fellows... 0.0.0.0... $ 7500. |. 


Concurrent Affiliated Courses 
* Friday September 15, 1989 
Clinical Update for Ophthalmic Nurses 
and Technicians 
* Saturday, September 16, 1989 
Contact Lens Update 


Recreation 
* Spouse seminar on thoroughbred horse 
industry and tour of horse farms. 
* Golf, tennis, swimming, health club 
* Cocktail reception and dinner at Iroquois 
Hunt Club 


* Thoroughbred horse sales 


Sponsor 
l he Center for Advanced Eye Surgery 
Humana Hospital - Lexington 


Information/Registration 
Jennifer Sharp 
Humana Hospital ~ Lexington 
150 N. Eagle Creek Drive 
Lexington, KY 40509 
PH: (606) 268-3754 


The Center for Advanced Eye Surgery 


Fiumana Hospital — Lexington 
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i poy ada Hrs D intr 8 Contaci: Chris- 
ê . Jourdain, 412 Eastland Prof Bldg, 
arpe Woods, MI 48225 


OHIO 


nth Ann Ophthaimol Symp At: Cleveland 
6/16/89 to 6/17/89 Contact: The Cleve- 
Clin Ed Foundation, Dept of CME, 9500 
clid Ave, Rm TT31, Cleveland, OH 44195; 
800)762-8172 (in Ohio); (800)762-8173 





OREGON 


Ophthalmology in a Changing World At: Portland 

> Dates: 6/15/89 to 6/16/89 Contact: Dorothy D. 

— Spier, Conf Coord, Oregon Lions Sight & Hear- 

. ing Institute, 1040 NW 22nd Ave, Box N-200, 

Portland, OR 97210-3065, ( 503)229- 1601 or 
ee 


FOREIGN 


jobat intraocular Lens Implant & Refrac- 
eratoplasty At: Hyderabad, Andhra 
h, India Dates: 8/4/89 to 8/6/89 Con- 
S. Reshmi, MD, Reshmi Eye Care Ctr, 
rovmsville Rd, Pittsburgh, PA 15227; 
21:4242 


inn Symp of the international Res Group: 
lor Vision Deficiencies At: Cagliari (Sardin- 
; Italy Dates: 6/25/89 to 6/28/89 Reg Fee: 
$120 Sponsor: Univ of Cagliari Contact: Prof 
tonina Serra, Via Belgrado 5, 1-09047 Se- 
gius-Cagliari, Italy 


... The University of Southern California 
- School of Medicine-Postgraduate Division 
and the Department of Ophthalmology 


presents 


GLAUCOMA, i OPHTHALMOLOGY 
A 
NEURO-OPHTHALMOLOGY 
August 5-12, 1989 


Mauna Kea Beach Hotel 
Kamuela, Hawaii 


GUEST FACULTY 


ONALD BURDE, M.D. RICHARD PARRISH, M.D. 
ofessor of Ophthalmology Associate Professor of 
‘and Neurology Ophthalmology 

Albert Einstein Medical School University of Miami 

e School of Medicine 


i c USC FACULTY 
ald S. Minckler, M.D., Course Director, Professor of Ophthalmology 
“Baerveldt, MD., Associate Clinical Professor of Ophthalmology 
X Borchert, M D. Assistant Professor of Ophthalmology and Neurology 


"Neurological duet) 
. Heuer, M.D., Assistant Professor of Ophthalmology 
es F. Martone, M. D., M.P.H., Assistant Professor of Ophthalmology 
Pr 


iple, M.D., Associate Professor of Ophthalmology 

. Sadun, M.D., Associate Professor of Ophthalmology 

Neurological. Surgery 

right, | M.D., Associate Professor of Ophthalmology 

E 385 Category | AMA/CMA Hours 
Tuition: $565.00 - 

of Med, B.J. Johnson, 1975 Zonal Ave., KAM 
90033. (213) 224-7051. 











MICHIGAN 
OPHTHALMOLOGICAL SOCIETY 
21ST ANNUAL 
SUMMER CONFERENCE 
THURSDAY — SUNDAY, AUGUST 10 - 13, 198 
GRAND HOTEL, MACKINAC ISLAND, MICHIGAN V 





THEME: “OPHTHALMIC LASERS: 
THE STATE OF THE ART AND NEW TECHNIQUES 


*AGE-RELATED MACULAR DEGENERATION — 
*ANTERIOR SEGMENT/POSTERIOR SEGMENT - 
*BASIC OPHTHALMIC LASER PHYSICS 
*DIABETIC RETINOPATHY 
“GLAUCOMA 
*OCULAR TUMORS — 
“OPHTHALMIC PLASTIC SURGERY 


SPEAKERS: 

JAY FEDERMAN, M.D., PHILADELPHIA, PENNSYLVANIA 
LEE JAMPOL, M. D., CHICAGO, ILLINOIS — 

RICHARD PARRISH il, M.D., MIAMI, FLORIDA 

LAWRENCE YANNUZZI, M D., NEW YORK, NEW YORK ( 


Ak ee Xxx 


HUGH BECKMAN, M.D., DETROIT, MICHIGAN T 
MARK BLUMENKRANZ, M.D., DETROIT, MICHIGAN 
GEORGE WILLIAMS, M.D., DETROIT, MICHIGAN s: 


REGISTRATION FEE: 


PHYSICIAN $175.00 
RESIDENT $100.00 
EXHIBITOR $400.00 


FOR FURTHER INFORMATION CONTACT: 


CHRISTINE A. JOURDAIN 
412 EASTLAND PROFESSIONAL BUILDING 
HARPER WOODS, MI 48225 | 
(313) 839-3011 


CATEGORY |, 8 HOURS 
PROGRAM DIRECTOR: MARK BLUMENKRANZ 


MACKINAC ISLAND 
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March27-29, 1990 
Beijing, China 





Satellite Symposium of the 
[International Congress of Ophthalmology 


Joint Meeting of the 


International Intra-Ocular Implant Club 


and the 


Chinese Society of Ophthalmology 


Main topics: 

* Biomaterials 

e Viscoelastic materials 

» Quality of IOLs and surgical elements 

* New generations of IOLs 

» IOL implantation in developing countries 
e Surgical biology and pharmacology 

. IOL pathology and morphology 

* Ophthalmic optics of pseudophakias 

e Complications of IOL implantation 

- Inflammatory conditions in IOL implantation 
* New techniques in IOL implantation 

* Inter- (Endo-) capsular procedures 

» Management of the capsule 

» Refractive corneal procedures 

e Lasers in anterior segments 





Co-sponsored by 
Chinese Medical Association 


Call for papers: 

Participants are invited to present Papers, Posters, Video 
Tapes and Films on any of the listed topics. Deadline for 
submission is Sept. 1, 1989, 


Special events: 

Father of implantology, Mr. H. Ridley will be joining us 
in Beijing, and special scientific and social events will 
be held to celebrate the 40th anniversary of IOL 
implantation. 

For further information, please contact: 

Beijing IOL 1990 

Secretariat 

Shohzankai Medical Foundation 

Miyake Eye Hospital 

1070-Kami 5, Higashiozone-cho 

Kita-ku, Nagoya 462 

Japan 

phone: (052) 915-8001 fax :(052) 915-8525 
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Doheny Eye Institute 
21* Annual Doheny Meeting 


"Controversies in Ophthalmology" 
September 21, 22, 1989 
Course Director: Ronald E. Smith, M.D. 


Guest Faculty: 


M John W. Chandler, M.D. Ronald G. Michels, M.D. 
ny Eye Institute Madison, Wisc. Baltimore, Md. 
XC David A. Lee, M.D. George L. Spaeth, M.D. 
Los Angeles, Ca. Philadelphia, Pa. 


Doheny Eye Institute Faculty: 


George Baerveldt, M.D. Jan McDonnell, M.D. 

Mark Borchert, M.D. Peter McDonnell, M.D. 
Steven E. Feldon, M.D. Don S. Minckler, M.D. 
Donald A. Frambach, M.D. A. Linn Murphree, M.D. 
George T. Frangieh , M.D. Richard R. Ober, M.D. 

Ronald Green, M.D. Narsing A. Rao, M.D. 

Dale K. Heuer, M.D. Stephen J. Ryan, M.D. 

John A. Irvine, M.D. Alfredo A. Sadun, M.D., Ph. D. 
John S. Lean, M.D. James Salz, M.D. | 
Peter E. Liggett, M.D. Ronald E. Smith, M.D. | 
James T. Martone, M.D. Kenneth W. Wright, M.D. 


Course Content: Ep 

tomy, epikeratophakia, and nei 
The21st Annual Doheny Meeting will provide lens styles and surgical techniques 

an update on controversies in ophthalmology of diabetic retinopathy, age-related 
today. Clinically oriented discussionof current degeneration, glaucoma, strabismus, 
topics willincludeanterior segment and poste- tal cataracts and eyetrauma will be d 
rior segment problems. Special attention will Courses for ophthalmictechniciansa 
be given to surgical aspects of cataract and will be held in conjunction with this] 
refractive problems, including radial kerato- Meeting. | 


Special Guest Faculty: 


Doheny Lecture: Irvine Lecture: a 
"Surgical Management of "Controversies in the Treatment of x : 
Macular Holes" Viral Keratitis" V 
Ronald G. Michels, M.D. John W. Chandler, M.D. 


Los Angeles Society of Ophthalmology Lecture: 
"Diagnosis and Management of Patients with Narrow 
and Closed Angle Glaucoma" 

George L. Spaeth, M.D. 


Registration Information: Credit information - ur 
Practicing Ophthalmologists $375 14 AMA/CMA Category 1 - 
USC/Doheny Voluntary Faculty & Alumni $187 Credit Hours es 
Ophthalmology Fellows & Residents $100 7 JCAHPO Credit Hours me 
Retired Physicians $100 14 BRN Credit Hours; - | 
Ophthalmic Nurses & Technicians $100 Provider Number 06842 


Location: Doheny Eye Institute, 1355 San Pablo Street, Los Angles c California 


Information: Please call or write: Dave Carpenter, Coordinator CME 
1355 San Pablo Street, Los Angi es d 
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ithalmology for the 90's 
This meeting is designed to comprehen- Guest Faculty 
sively update the general practitioner and 


subspecialist. Dedicated sessions will Joseph Caprioli, MD 


cover glaucoma, retinal and vitreous 


diseases, cataract surgery, pediatric 
ophthalmology and strabismus, and 
neuro-ophthalmology. 


Kronfeld Memorial Lecture 
Posterior Chamber IOL Insertion During 
Pars Plana Lensectomy and Vitrectomy 
for Diabetic Retinopathy Complications 
George W. Blankenship, MD 

Penn State College of Medicine 


Henry Memorial Lecture 
Ophthalmology - 1994!! 
Whitney G. Sampson, MD 
Houston, Texas 


diseases and surgery, cornea and external 


Yale University School of Medicine 
James J. Corbett, MD 

University of lowa College of Medicine 
Sherwin J. isenberg, MD 
Jules Stein Eye Institute 
UCLA School of Medicine 
Jay H. Krachmer, MD : 
University of lowa College of Medicine : 
Erik A. Lippa, MD, PhD 
Merck Sharp & Dohme 
Research Laboratories 
Michael F. Marmor, MD E 
Stanford University Medical Center — 
Marguerite B. McDonald, MD, FAC ; 
Louisiana State University Medical Center. 
Robert B. Nussenblatt, MD 

National institutes of Health 

Narsing A. Rao, MD 

Doheny Eye Institute 







Pius UIC Eye Center Faculty 
| September 22-23, 1989 E 
University of Illinois Hospital Eye and Ear Infirmary | 
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THE ARMED FORCES INSTITUTE OF PATHOLOGY 
AND 
THE AMERICAN REGISTRY OF PATHOLOGY 
ANNOUNCE THEIR ANNUAL COURSES 





. Anatomy, Histology, and Electron Microscopy of The Eye, Orbit, and T 
-= Ocular Adnexa (Course Director—Ben S. Fine, M.D.) AUG 26- 27, 1989. la 
Tuition $200. E. 
Ophthalmic Pathology for Ophthalmologists di 
(Course Director—Lorenz E. Zimmerman, M.D.) AUG 28-SEPT 1, 1989 
Tuition $450. 






FACULTY 


eu Douglas Cameron, M.D. Ramon L. Font, M.D. 
-Ralph C. Eagle, M.D. 

`- Ben S. Fine, M.D. 

— Robert Folberg, M.D. 


Henry D. Perry, M.D. 
Frederick Jakobiec, M.D. Jerry A. Shields, M.D. 

lan W. McLean, M.D. Charles S. Specht, M.D. 
Donald S. Minckler, M.D. Lorenz E. Zimmerman, M.D. 


Registration and correspondence to: Executive Director, American Registry of Pathology, : 
"d Armed Forces Institute of Pathology, Washington, DC 20306-6000 







Jules Stein Eye Institute Guest Faculty 


and 


epartment of 
Ophthalmology 


UCLA School of Medicine 


International Symposium on 
Advances in 
Ophthalmic Lasers 


Mr. Richard Sliney 
Maryland 
Friday, September 22- 


Saturday, September 23, 1989 
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"Coordinators . : 
Yossi Sidikaro, M.D., Ph.D. 
Michael S. Berlin, M.D. 


Michael Berry, M.D. 
Woodlands, Texas 

Franz Fankhauser, M.D. 
Bern, Switzerland 

Jay L. Federman, M.D. 
Philadelphia, Pennsylvania 

Peter Hamilton, M.D. 
London, England 

Mr. Hanspeter Loertscher 
Costa Mesa, California 

Martin A. Mainster, M.D. 
Kansas City Kansas 

John Marshall, Ph.D. 
London, England 

A. Linn Murphree, M.D. 
Los Angeles, California 

Carmen A. Puliafito, M.D. 
Boston, Massachusetts 

Professor Theo Seiler 
Berlin, Germany 


Aberdeen Proving Ground, 


Stephen L. Trokel, M.D. 
New York, New York 

Robert Webb, Ph.D. 
Boston, Massachusetts 

Robert N. Weinreb, M.D. 
La Jolla, California 
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This symposium will cover the most recent developmen 
--in concept and application of ophthalmic lasers. Topics 
will include photothermy, photodisruption, photoablation 
photostimulation, and photoirradiation, alone or in con 
bination with other disease therapy techniques; surgical . 
applications to the cornea, lens, vitreous, retina, and 
posterior segment; laser hazards and safety; and uses of 
scanning lasers in ophthalmology. 


The meeting is one of a series of events celebrating the 
inauguration of the Doris Stein Eve Research Center. 


sea. 


Special rates for meals and guides to activities are avail- 
able for family members and friends who accompany 
registrants. | 


Registration Fee $400.00 
(including meals and special programs) 


CME Category | Credit 16 Hours 


For further information: 

Gretchen Falvo 

Director of Academic Programs 
Jules Stein Eye Institute 

10833 Le Conte Avenue 

Los Angeles, California 90024-1771 


(213) 825-4607 
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° Tracks next dose to be taken. 


NCOURAGE COMPLIANCE. BETAGAN* WITH CCAP? 





N inimizes confusion for patients on multidose therapy or multiple medications. 





: beat bibl HCl) 0.5% 
- Liquifilm® sterile ophthalmic solution with 


Compliance Tem Q. p. 


Betagan" (levobunolol HCN 0.5% 
Liquifilm® sterile ophthalmic solution with 


C CAP" 


Compliance Cap B.I.D. 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthaimic solution has 
been shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those individuals with 
bronchial asthma or with a history of bronchial asthma, or severe chronic 
obstructive pulmonary disease (see WARNINGS); sinus bradycardia; second 
 andthird degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this product. 
WARNINGS: As with other topically applied ophthalmic drugs, BETAGAN may 
be absorbed systemically. The same adverse reactions found with systemic 
administration of beta-adrenergic blocking agents may occur with topical 
administration. For example, severe respiratory reactions and cardiac reac- 
tions, including death due fo bronchospasm in patients with asthma, and 
rarely death in association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
~ Cardiac Failure: Sympathetic stimulation may be essential for support of 
the circulation in individuals with diminished myocardial contractility, and 
its inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. [n Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with befo-blocking agents over a period of 
time can, in some cases, lead fo cardiac failure. At the first sign or symptom 
of cardiac failure, BETAGAN should be discontinued. Non-aliergic Broncho- 
spasm: In patients with non-allergic bronchospasm or with a history of non- 
allergic bronchospasm (eg., chronic bronchitis, emphysema), BETAGAN 
should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta; 
receptors. Major Surgery: The necessity or desirability of withdrawal of beta- 
adrenergic blocking agents prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to respond to 
beta-adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted severe 
hypotension during anesthesia. For these reasons, in patients undergoing 
elective surgery, gradual withdrawal of beta-adrenergic receptor blocking 
agents may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
orto diabetic patients (especially those with labile diabetes) who are receiving 
insulin or oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrofoxicosis: 
Beta-adrenergic blocking agents may mask certain clinical signs (eg., 
tachycardia) of hyperthyroidism. Patients suspected of developing thyro- 
toxicosis should be managed carefully to avoid abrupt withdrawal of beta- 
adrenergic blocking agents which might precipitate a thyroid storm. Con- 
tains sodium metabisulfite, a sulfite that may cause aliergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe asth- 
matic episodes in certain susceptible people. The overall prevalence of sul- 
fite sensitivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic people. 
PRECAUTIONS: General: BETAGAN® (levobunolol HCI) 0.5% Liquifilm? sterile 
ophthalmic solution should be used with caution in patients with known hyper- 
sensitivity to other beta-adrenoceptor blocking agents. Use with caution in 
patients with known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen the 
angle. This requires constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated intraocular 
pressure in angle-closure glaucoma, it should be used with a miotic and 
not alone Muscle Weakness: Beta-adrenergic blockade has been reported 





to potentiate muscle weakness consistent with certain myasthenic symptoms 
(eg., diplopia, ptosis and generalized weakness). Drug interactions: BETAGAN 
should be used with caution in patients who are receiving a beta-adrenergic 
blocking agent orally, because of the potential for additive effects on sys- 
temic beta-blockade. Although BETAGAN used alone has little or no effect 
on pupil size, mydriasis resulting from concomitant therapy with BETAGAN =- 
and epinephrine may occur. Close observation of the patient is recommended - 
when a beta-blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive effects and . 
the production of hypotension and/or marked bradycardia, which ma 
produce vertigo, syncope, or postural hypotension. Animal Studies: No adverse 
ocular effects were observed in rabbits administered BETAGAN topically in^ 
studies lasting one year in concentrations up fo 10 times the human dose =- 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: in a ife- = 
time oral study in mice, there were statistically significant (p = 0.05) increases 
in the incidence of benign leiomyomas in female mice at 200 mg/kg/day 
(14,000 times the recommended human dose for glaucoma), but notati2 
or 50 mg/ kg/day (850 and 3,500 times the human dose). In a two-year ~~ 
oral study of levobunolol HCI in rats, there was a statistically significant ~ 
p x 0.05) increase in the incidence of benign hepatomas in male rats 
administered 12,800 times the recommended human dose for glaucoma. 
Similar differences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolo! did not show evidence of mutagenic activity in a 
battery of microbiological and mammalian in vitro and in vivo assays. 
Reproduction and fertility studies in rats showed no adverse effect on male 
or female fertility at doses up to 1,800 times the recommended human dose 
for glaucoma. Pregnancy Category C: Fetotoxicity (as evidenced by a greater 
number of resorption sites) has been observed in rabbits when doses of 
levobunolol HCI equivalent to 200 and 700 times the recommended dose 
for the treatment of glaucoma were given. No fetotoxic effects have been + 
observed in similar studies with rats at up to 1,800 times the human dose 
for glaucoma. Teratogenic studies with levobunolol in rats af doses up to 
25 mg/kg/day (1,800 times the recommended human dose for glaucoma)  . 
showed no evidence of fetal malformations. There were no adverse effects. = 
on postnatal development of offspring. It appears when results from studies: 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no adequate = 
and well-controlled studies in pregnant women. BETAGAN should be used - 
during pregnancy only if the potential benefit justifies the potential risk to — . 
the fetus. Nursing Mothers: It is not known whether this drug is excreted in. .— 
human milk. Systemic beta-blockers and topical timolol maleate are known — 
to be excreted in human milk. Caution should be exercised when BETAGAN 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness 
in children have not been established. ADVERSE REACTIONS: In clinical trials 
the use of BETAGAN has been associated with transient ocular burning and 
stinging in about one in four patients, and with blepharoconjunctivitis in about 
one in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). The fol- w 
lowing adverse effects have been reported rarely with the use of BETAGAN: ^ 
lridocyclitis, headache, transient ataxia, dizziness, lethargy, urticaria and pru- 
ritus. Decreased corneal sensitivity has been noted in a small number of 
patients. Although ievobunolol has minimal membrane-stabilizing activity, -— 
there remains a possibility of decreased corneal sensitivity affer prolonged . 
use. The following additional adverse reactions have been reported with 
ophthaimic use of beta, and beta, (non-selective) adrenergic receptor block- 
ing agents: BODY AS A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, 
syncope, heart block, cerebral vascular accident, cerebral ischemia, con- 
gestive heart failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depres- 
sion. SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked symptoms 
of hypoglycemia in insulin-dependent diabetics (see WARNINGS). SPECIAL 
SENSES: Signs and symptoms of keratitis, blepharoptosis, visual disturbances 
including refractive changes (due to withdrawal of miotic therapy in some 
cases), diplopia, ptosis. Other reactions associated with the oral use of non- 
selective adrenergic receptor blocking agents should be considered poten- 
tial effects with ophthalmic use of these agents. - 
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Management of Chronic Blepharitis 


To the Editor.—Letters in the June 1988 issue of the 
— ^ ARCHIVES" referred to the use of a new, commercially 
< = available preparation for the treatment of chronic ble- 
>> pharitis. Duke-Elder and MacFauP describe the use of a 
large number of substances for this common condition and 
note that "the most effective single measure in the treat- 
. ment of blepharitis is good lid-hygiene." Included in this 
list of substances is a bland, isotonic bicarbonate lotion, 
which was often prescribed by several of my ophthalmic 
-teachers {with an appropriate antibiotice ointment after 
bacteriological studies had been performed). 
I began to advise patients to make their own solutions 
nd arbitrarily suggested using one teaspoonful of sodium 
-bicarbonate added to a (British) pint (0.57 L) of tapwater 
|: that had been boiled then allowed to cool. This was to be 
made up weekly or biweekly, and care was taken not to 
redip cotton-tip applicators. Solutions could be kept refrig- 
erated in containers that had been heat sterilized. Lid 
. "serubs" were to be carried out in the morning and at 
 night—it was suggested that this be done before or after 
-foothbrushing, as a reminder. A certain amount of mas- 
sage was deemed to be beneficial (not the use of “minimal 
friction," as Polack and Goodman’ describe), as it was felt 
-that this might aid expression of meibomian secretions. 
—  .lhave recently measured some of the chemical charac- 
 teristies of this concoction (Table). An average teaspoonful 
(not level, not heaped) yielded 7.7 g of sodium bicarbonate, 
which was dissolved in 0.57 L of either tapwater or distilled 
water. All measurements were performed in duplicate by 
standard techniques, and average readings were calcu- 
lated. Fortuitously, the osmolality in all samples was 
within 10% of 300 mOsm/L and remained relatively 
constant (as did the sodium concentration). Thus, there 
was no significant sample evaporation. The pH was alka- 
-Hine in all samples, being initially lower in the tapwater 
- samples but increasing with time in all samples. 
"Pear pH levels greater than 8 have been recorded in 
- humans when eyes have been kept open for more than 1 
minute. It appears that if only small quantities of this 
solution spill onto the ocular surface, the tear buffering 
 eapacity is probably not exceeded. Consequently, I have 
^. seen no ill effects in eyes examined with a slit lamp. 
© As with any homemade solution, there is a risk of 
microbial contamination (though no less than in preparing 
baby formula). To investigate this, four batches of solution 
were prepared using tapwater as the solvent. The contain- 
ers were heat sterilized, the tapwater was boiled, and the 
solutions were kept refrigerated with the container open- 
ings covered with aluminum foil. Samples were taken from 
each flask on the day of preparation and after 1 and 2 
‘i reeks, and were submitted for routine bacteriologic study. 
fresh packet of cotton-tip applicators was opened; twice 
over the 2-week period, applicators were dipped into 
two. of the test solutions. There was no bacterial or fungal 
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growth in any of the solutions over the 2-week period 
possible that the alkaline pH discourages t 
growth. E 
Over a 5-year period, approximately 200 pati n 
treated with this solution. A systematic assessmk 
efficacy was not performed. In particular, the effe 
placebo was not tested, nor was the effect of only 
scrubbing. In addition, it was often used with o 
treatments—local heat application in more-severe 
and ocular lubrication if the signs warranted 
patients were enthusiastic about this treatment; ver 
(probably <10%) found it to be of no benefit. | 
pliant patients often exhibited poor lid hygiene, 
crusting and eyelash debris being noted at follow-t 
patients were cured for the long term and returned 
for refraction or if their symptoms did not imp 
exacerbations of their blepharitis, which they wer 
able to treat using a combination of the measur 0 
above. E 
In an area of pup Ms rich in a 





hemi). convenient, and economical; B 

ready acceptance among my patients. = . 
Minas ConoNEO, MSc, MB, BS, FRACS U 
Berlin, West Germany Es 


The author has no proprietary interest in the sale or production of 
soda. MEE 
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Assistants at Cataract Surgery 


To the Editor. —1 write this letter in response to the article 
by Ms Foreman in the March 1989 issue of the ARCHIVES 
concerning Medicare payment for assistants at cataract 
surgery.’ It is important to point out that these legal chal- 
lenges on behalf of American ophthalmology have always 
bei n and are still equally shared by the California Associ- 
ation of Ophthalmology and the New York Ophthalmolog- 
Society. Both societies have shared equally in the insti- 
gation of the lawsuit and its financial burden. After read- 
ing this article, oneis left with the impression that this was 
olely the work of the New York Ophthalmological Society. 
Otherwise, I agree with Ms Foreman's entire article, and we 
all hope for a positive outcome. 








KENNETH J. HOFFER, MD 
Past President, CAO 
Santa Monica, Calif 


«ck: Foreman J. Final pe bd Medicare payment for assistant surgeons. 
Arch Ophthalmol. 1989107: 


Primary vs Delayed implant in Evisceration 


To the Editor. — We read with interest the recent article by 
Shore et al! concerning delayed primary wound closure. 
Although their idea of eviscerating a blind eye with 
andophthalmitis and delayed secondary implant after sev- 
eral days of local wound care is supported by current 
iowledge of wound dehiscence and bacterial counts, we 
id that an important argument has been neglected. 
In the preantibiotic era, Burch? pointed out that infec- 
tion is a frequent cause of implant extrusion after eviscer- 
ation. It is intuitive that the risk of implant infection and 
subsequent extrusion will be higher in an evisceration 
performed for endophthalmitis. Nonetheless, one must 
weigh the risks and benefits of placing an orbital implant 
the time of the evisceration vs local wound care followed 
"à secondary implant some days later. In the case of local 
wound care followed by a secondary implant, the patient 
ust endure several days of discomfort accompanying 
echanical débridement during "frequent dressing 
anges. " Additionally, it is guaranteed that the patient 
will require a second procedure, including a second anes- 
etie, for placement of the orbital implant. 
-the case of a patient undergoing evisceration for 
dophthalmitis, it has been our practice to place a 
rimary orbital implant into the scleral pouch at the time 
he initial procedure. Appropriate systemic antibiotic 
'apy is continued preoperatively and postoperatively. 
ditionally, the scleral pouch is irrigated with 10% 
ovidone-iodine (Betadine) and appropriate antibiotic 
lutions. are placed around the implant at the time of 
sceration. Of 21 patients treated in this fashion between 
ind 1988, implant extrusion was encountered in 5 
el s (24%). In all of these patients extrusion occurred 
and a secondary implant was successfully placed 
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after local: cone care, ‘Fol ow-up ‘extend mi 
months, and no adverse effects (such as progressive orbital 


infection, pain, or subsequent prosthesis or socket com- — 


plaints) were encountered. 

In summary, our experience has supported that of Baylis 
et al’ that a primary orbital implant can be safely and 
successfully placed in the scleral socket after evisceration 
for endophthalmitis. In our experience, it does not seem 
necessary or cost-effective to routinely delay the place- 
ment of an implant and assure the patient several days of 
uncomfortable wound care followed by a second procedure. 
We congratulate Drs Shore, Dieckert, and Levine for 
pointing out the possibility of this alternative approach, 
which may find applicability in selected cases, and we 
agree that local wound care should be utilized in those 
cases where the primary implant becomes infected. 

JOHN B. HoLps, MD 
RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 


1. Shore JW, Dieckert JP, Levine MR. Delayed primary wound closure: 
use to prevent implant extrusion following evisceration for endophthalmi- 
tis. Arch Ophthalmol. 1988;106:1303-1308. 

2. Burch FE. Evisceration of the globe with scleral implant and preser- 
vation of the cornea. Trans Am Ophthalmol Soc, 1939,34:272-289. 

3. Baylis H, Shorr N, McCord CD, Tanenbaum M. Evisceration, enucle- 
ation and exenteration. In: MeCord CD, Tanenbaum M, eds. Oculoplastic 
Surgery. New York, NY, Raven Press; 1987:407-419. 


In Reply.—Drs Holds and Anderson raise an important 
point concerning the management of patients with 
endophthalmitis by evisceration— whether to place an 
alloplastie implant within the scleral pouch at the time of 
initial surgery. 

This is a personal decision that the treating surgeon 
must make after carefully considering many factors, 
including the risk for extrusion of the implant, the morbid- 
ity associated with such an extrusion, and the risk for 
continued suppuration if an alloplastic implant is placed in 
an infected scleral bed. To our knowledge, the information 
put forth by Drs Holds and Anderson is the first data 
available indicating that the morbidity of primary implan- 
tation is low even though the extrusion rate is high (24% in 
their series). This is promising, but we still need to know if 
it is possible to identify those patients who are likely to 
experience extrusion of implants placed in septie scleral 
pouches. We encourage Drs Holds and Anderson to review 
their cases and report if extrusions were more common in 
patients with severely infected eyes. Other factors could 
also explain a high extrusion rate for certain patients, 
including the immunocompromised host, incorrect choice 
of antibioties, inappropriate sutures or surgical tech- 
niques, and variations in postoperative wound care. In this 
regard, it is important to remember that endophthalmitis 
presents in many different forms, ranging from indolent 
vitritis that fails to respond to vitrectomy and intracamer- 
al antibiotics to a virulent panophthalmitis with copious 
suppuration, constitutional signs and symptoms, and, 
rarely, sepsis. 

Without knowledge gleaned from a review of their cases, 
it is natural to assume that primary implant extrusion is 
more likely to occur in patients with more severe infec- 
tions. Placing an implant at the time of surgery in this 
clinical setting makes no sense to us. Likewise, placing an 
implant in an immunocompromised patient or in a patient 
predisposed to wound complications, such as a diabetic, is 
not wise, in our opinion. The bottom line is that care must 
be individualized for each patient. Our article presented an 
alternative for surgeons trying to decide what to do. It is 
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| wound and reine d the scleral joe to heal by on 
intention, a course that commits the surgeon to secondary 
surgery far more difficult than placing a secondary 
implant and closing the wound by delayed primary closure. 
Based on the experience of Holds and Anderson, we think 
it reasonable to place a primary implant in the scleral 
ouches of patients with indolent or nonvirulent endoph- 
thalmitis. We are reassured to know that if an implant 
. extrudes, management of the wound can still proceed along 
-. the lines suggested in our article. We are reluctant, 
. however, to recommend placement of an implant in a 
patient with fulminating panophthalmitis and copious 
suppuration or when systemic manifestations of infection, 
such as fever, leukocytosis, or sepsis, are present. We 
appreciate Drs Holds and Anderson bringing their results 
to our attention and urge them to publish their data. In 
this way, our collective experiences will help to further 
. define the choices surgeons have when managing patients 
"^ facing evisceration for endophthalmitis. 
CoL JOHN W. SHORE, MC, USAF 
J. PAUL DIECKERT, MD 
MARK R. LEVINE, MD 
San Antonio, Tex 





Intraocular Neovascularization and Retinal 
< Energy Metabolism 


To the Editor.—The mechanism of regression of intraocu- 
lar neovascularization has recently been debated in the 
May and December 1988 issues of the ARCHIVES. I would 
= like to point out one feature of central nervous system 
* energy metabolism that, to my knowledge, has been largely 
^ overlooked in our theories regarding this important pro- 
cess. In the central nervous system, a very large part of 
metabolic energy is spent in the maintenance and restora- 
-- tion of neuronal membrane potentials.** As a result, neural 
- tissue consumes a lot more energy and oxygen when it is 
transmitting neural impulses. If a similar situation existed 
in the inner retina, one would expect a marked decrease in 
the energy requirements of the inner retina following 
photocoagulation because of the decreased synaptic input 
from the partially destroyed outer retina. It is quite 
possible that reduced synaptie transmission through the 
inner retina after photocoagulation improves the oxygen 
balance of the inner retina. This would also be applicable 
to the clinieal observations of less-severe diabetic retinop- 
. athy in eyes with chorioretinal searring and narrowing of 
the retinal vessels in tapetoretinal degenerations, such as 
retinitis pigmentosa. 
2s Decreased optic nerve head neovascularization following 
© optie atrophy is particularly enlightening regarding the 
mechanism of regression of ocular neovascularization. 
First, it highlights the importance of the inner retina in 
optie nerve head neovascularization. Obviously, the energy 
^ erequirements of the ganglion cell and nerve fiber layers 
| would be reduced in the case of optic atrophy reported by 
Campochiaro,? making the inner retina less ischemic. 
Surely he did not mean to suggest that following optic 
atrophy the remaining inner retina receives more oxygen 
from the choroid. With descending optic atrophy there is 
atrophy of the nerve fiber and ganglion cell layers. Since 
these are the innermost retinal layers, the remaining 
portion of the inner retina (the inner plexiform and inner 
uclear layers) are unchanged in their proximity to the 
ehoriocapillaris. 

















| Ophthalmol Vol 107, July 1989 





The situation described : 
analogous to the experimental | J 
et al.™ Following retrobulbar transection of 
nerve or in experimental glaucoma, there is a lo: 
nerve head capillaries in conjunction with a loss o 
The process that leads to a loss of the normal opti 
head capillaries could very well be responsible for 
decreased optie nerve head neovascularization see 
Campochiaro's patient. It is quite conceivable that alt 
ation of growth factors and inhibitors of neovasculari 
tion described by Glaser! could be mediators of the. ot 
lary atrophy in both settings. E 

Finally, I would like to stress that I am not sugge 
that other theories on the mechanism of regression 
retinal and optic nerve head neovascularization are wit 
out merit. Most of the proposed theories are compatibl 
For instance, photocoagulation may not only decre 
inner retinal oxygen demand as I have suggested but ma 
also improve inner retinal oxygenation’ and cause th 
retinal pigment epithelium to produce inhibitors of net 
vascularization. 










































DaviD J. WILSON, MD 
Portland, Ore cy 
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In Reply.—I am grateful for the comments of Dr Wils 
as they offer me an opportunity to clarify, I hope, so 
misinterpretations of the discussion concerning involutio 
of retinal neovascularization that appeared in the Decen 
ber 1988 issue of the ARCHIVES. In that discussion, I state 
that optic atrophy (and possibly some other condition 
such as high myopia and extensive chorioretinal scarrin 
like scatter photocoagulation,' might result in impro 
oxygenation of the remaining viable retina, and this ma 
play a role in involution of neovascularization. I did- 
discuss the mechanism by which improved oxygenatio 
occurs. In fact, I specifically avoided it because it may v 
somewhat among the various conditions I mentione 
agree with Dr Wilson that decreased oxygen utilizatiot 
likely to be an important cause of improved Mp enne 
particularly in the setting of optic atrophy. I did ne 
suggest that optic atrophy causes an increase in supply of 
oxygen from the choroid. 
Another misconception, apparently shared by Dr Wilso a 
and by Dr Glaser, is that by emphasizing improvement i 
retinal oxygenation (and thereby alleviation of ischemi: 
as a potential factor in involution of retinal neovascular. 
zation, I have ruled outa potential role for growth factor 
I specifically stated that “it is certainly possible and 
perhaps likely that alterations in multiple growth fact 
as a result of altered oxygenation, might indirectly me 
ate the effects of scatter photocoagulation.” | The m 
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f z (Or the j while I am E uree ing that alleviation 
als the primary event. We still know very little 


e is ery strong évidence to suggest that retinal 
are ae a major role. *5 This fact, along with evi- 





; is premature to assign such purported release a primary 
based on in vitro studies or studies in models of 
retinal neovascularization, a different entity that 
occurs in a completely different setting. My purpose was 
efute this novel hypothesis, but rather to provide a 
ifferent perspective, supported by the literature,'^* as 
5 s by a single case report. 
F; PETER A. CAMPOCHIARO, MD 
Charlottesville, Va 
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laser pem Renal ae and regression of neovascularization. 
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ixation of Posterior Chamber Lenses by Transscleral 
ures: Technique and Preliminary Results 


0 the Editor.—When large ruptures of the posterior 
ipsule occur during cataract surgery, or when a secondary 
antation after a previous intracapsular procedure is 
per ormed, most surgeons use anterior chamber lenses. 

ie. long-term problems caused by anterior chamber 
lenses, especially as stand-by or secondary implants, led us 
to develop a technique of suturing the haptics of posterior 











See also p 1078. 





amber lenses into the ciliary sulcus. Several authors? 

have recently reported on similar techniques. However, 
our method differs from theirs in that extensive vitrecto- 
-is done before intraocular lens (IOL) insertion and 
nsscleral ciliary suleus fixation of both haptics is 
perf rmed. 


- Materials and Methods. —Simall fornix-based conjunctival flaps 
are prepared on both sides of the limbus at the 3- and 9-o'clock 
positions and careful bipolar cautery of episcleral vessels is 

rformed. For planned secondary implantations, an 8-mm 
ra. corneal or corneoscleral incision is performed at the 
position. This incision is already present in cases of 
ertent capsular rupture. Extensive anterior vitrectomy is 
d out. If present, lens remnants are removed completely 
the vitrectomy instrument. Two transscleral sutures (10-0 
propylene) are introduced behind the iris by penetrating the 
ty Suleus at the 3- and 9-o'clock positions with long straight 
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Transscleral fixation of a posterior chamber lens. Penetration of the 
slightly bent needle through the ciliary sulcus and the sclera with the 
suture already tied to the haptic is shown. 


Average Visual 
Acuity 
teme Naseer, 
Post- 
operative 


No. of 
Patients 


Preop- 


Patient Group erative 


Large ruptures of posterior 
capsule 


Luxated or subiuxated 
lenses (zonulolysis) 


With keratoplasty after 
intracapsular procedure, 
partly with removal of 
other type of intraocular 
lens 6/200 

Secondary anterior chamber 
reconstruction after prior 
complicated surgery, 
explanation of other type 
of intraocular lens 


Secondary implantation after 
prior intracapsular 
procedure 


20/200 20/80 


20/200 20/50 


20/200 


12/200 20/80 


20/40 20/40 





needles (STC-6 Ethicon, Norderstedt, West Germany). The anteri- 
or thirds of the needles are slightly bent to lift the area of the 
ciliary suleus easily. Penetration of the sclera is best controlled by 
counteraction with a colibri forceps from the outside (Figure). The 
free ends of the sutures are tied to the polypropylene haptics of 
the posterior chamber lens (Simcoe type). During insertion, one of 
the haptics of the lens is slid under the iris toward the 6-o'clock 
position and the haptic is then rotated 90? into its final position by 
pulling the suture from outside, while the other haptic is guided 
beneath the iris at the same time. Thus, the lens is fixed 
horizontally with its loops in the 3- and 9-o'clock positions. Both 
sutures are tied episclerally, with an additional anchoring stitch 
placed through the sclera. The episcleral knots. are covered by the 
conjunctival flaps. 


Results. — Using this technique, a total of 42 eyes, Sener 
ing 11 cases with combined keratoplasty, were operated on 
by us during the past 2 years (Table). The average follow- 
up time was 4.4 months. 
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a 'vitr etomy d removal of the IOL, followed by intensive 
id and « extraocular antibiotic treatment. The eye 


[of the | procedure l in “all cases. This seems advisable as 
OL is in contact with the conjunctiva much longer 
in standard IOL surgery. All other eyes did not show 
f inflammation during the follow-up period. Intra- 
ia: Biseding occurred in one case and resorbed sponta- 
eously. 


omen —A variety of technical details must be con- 
-gidered when using this technique. It is important that the 
 vitrectomy be performed meticulously, with no vitreous 
strands or lens remnants, which may cause retinal trac- 
tion, left behind. The sutures must be placed exactly in 
opposite positions or decentration of the IOL will result. 
< The sutures must be tied only after the eye has regained 
E sufficient tension by the injection of balanced salt solution 
> and after both haptics have been positioned accurately, or 
E -tilting of the lens may occur. 
- ^ The feasibility of the procedure is demonstrated by the 
fact. that all patients who underwent secondary posterior 
les S implantation regained preoperative visual acuity. The 
ited postoperative visual acuities in groups 1, 3, and 4 
Table) were caused by preexistent macular degeneration 
by early corneal irregularity after keratoplasty. 
<- We believe that this type of operation deserves broader 
trials by experienced anterior segment surgeons. 
FRANZ GREHN, MD 
Freiburg, West Germany 


RAINER SUNDMACHER, MD 
Düsseldorf, West Germany 
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The following letter was originally published in the May 
1989 issue of the ARCHIVES (1989; 107:636); however, due to 
errors in the original letter, it is being reprinted in full be- 
low. ED 


Snelien Equivalent for the Bailey-Lovie Acuity Chart 


To the Editor.—Many researchers have used the Bailey- 
‘Lovie acuity chart! in multicenter clinical investigations, 
~ such as the Early Treatment Retinopathy Study and the 
D Mirage Evaluation of Radial Keratotomy, because 

testing with this chart eliminates many of the inherent 
problems associated with the standard Snellen acuity 
chart? Thus far, to our knowledge, no one has reported a 
method for directly converting the number of letters read 
* correctly from the Bailey-Lovie chart to the denominator 
of the Snellen fraction for 2 ft. Since the Bailey-Lovie chart 
is designed to have an equal logarithmic change between 
lines and there is an equal number of letters per line, a 
- simple exponential equation can be derived to relate these 
two. factors to Snellen acuity as follows: 


te Snellen Acuity = 20 x 10655 - 9^9. 
ere X is the number of letters read correctly from the 


ey-Lovie chart. 
ample, if all Bailey-Lovie letters (X = 70) are 
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correctly identified, fhe scor 


ag ont | in all cases s except one 
-en acuity; 55, 20/20; and 58; 





















more precise Snellen equivalents r 
allow the investigator to identify previo sly 1 
clinical subtleties in large study populations 
noted that when the number correct is no 
five, resulting intermediate Snellen equiva 
correspond to an optotype size on the chart. In the examp 
above, where 58 letters were correctly identified, the rest 
is 20/17, which is more commonly written as 20/15 — 
Although for the individual patient the "plus" and "m 
nus" notations are more familiar to the clinician ani 
be more meaningful, the 20/17 value is the only accept 
data entry that maintains the logarithmic progressio 
the Bailey- Lovie chart. It is also the only appropriate val 
that can be used for database entry and statistical analy- 
Sis. 













































































JACK T. HOLLADAY, MD. 
THOMAS C. PRAGER, PHD 
Houston 0 
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Partial Ablation of Neovascular Membranes Involving 
the Fovea | 


To the Editor.—We read with interest the article by 
Macular Photocoagulation Study Group, "Persistent and 
Recurrent Neovascularization After Krypton Laser 
coagulation for Neovascular Lesions of Ocular Hi 
plasmosis,' " in the March 1989 issue of the ARCHIVES. Ne 
vascularization persisted or recurred more frequently 
treatment did not entirely cover the neovascularization 
did not meet the required level of intense burn on the fovea! 
side. Persistent neovascularization developed in 17% (17 of 
102 eyes) of neovascular membranes (NVMs) that were 
completely treated, and in 39% (14 of 36 eyes) of NVMs that 
were incompletely treated. 
The authors emphasized that best results are obtained 
when the NVM is completely and intensely treated, implying 
that photocoagulation prevents recurrence of neovasculai 
tissue by direct cauterization. However, Table 4 of their ar 
ticle notes that although 39% of incompletely treated NVMs 
persisted, 61% of incompletely treated NVMs regressed! This 
implies that a successful outcome may not require complete 
ablation and may involve other factors in addition to direc 
cauterization of the NVM. Perhaps an incompletely treated 
NVM involutes if vessels feeding the neovascular frond are 
cauterized, or perhaps photocoagulation stimulates the pro 
duction of an antineovascular factor. | 
Although this article made a good case for complete ab 
lation of the NVM if it is located outside the foveal avascu 
lar zone, treatment inside the foveal avascular zone remai 
a dilemma. As the authors’ data indicated, many NVMstha: 
are not completely treated involute. For cases of NVMs« 
tending beneath the foveal avascular zone, would it not 
more prudent initially to split the NVM by applying treat 
ment first to the NVM located outside of the foveal avascu 
lar zone, sparing further damage to the foveal receptors? I 
a follow-up angiogram at 1 or 2 weeks indicates persistence 
of foveal neovascular tissue, additional treatment coulc 
then be applied. This staged method might limit the num: 
ber of foveal cones sacrificed. This difficult question can. or 
be answered with a clinical trial. 





PAUL E. TORNAMBE: MD 
LoN S. POLINER, MD. 
San Diego, Calif | 
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a Ropiy.- ODE Tornssibe and Poliner raise interesting 
uestions about the treatment strategy for NVMs within 
he et avascular zone. However, we do not believe that 


i jun AUR. in preventing loss of vi- 

sion' showed that among eyes with neovascularization 
hin 200 um of the foveal center, 8% of treated eyes in 

'omp arison with 32% of untreated eyes had large losses in 

al acuity (= 6 lines). 

‘While intentional partial treatment of the neovascular- 

ization to spare receptors within the foveal avascular zone 

is appealing, we have misgivings about the strategy. The 

proposed partial treatment is far less extensive than treat- 

nt applied to eyes that werenot completely covered in the 

Krypton Ocular Histoplasmosis Study. Subsequent persis- 

tent leakage from the NVM and its vision-threatening ef- 

cts. may overwhelm the benefit of sparing some photore- 

ceptors in the foveal avascular zone. Neovascular mem- 

branes can grow quickly; thus, waiting an additional 2 

weeks to see if the partial treatment destroyed all the new 

vessels might allow involvement of a substantially larger 

foveal area. 

‘Application of laser photocoagulation to cover all areas of 

ni vascularization without destroying adjacent photore- 

tors requires careful planning and execution of treat- 

ment. In our studies, nonprotocol treatment due to failure 

cover the NVM in its entirety represented a “near miss” 

retina specialists experienced in treating NVMs with la- 

| photocoagulation. Deliberate efforts to treat only a por- 

on of the NVM obviously would leave a considerably larger 

ortion untreated. Until there are data to determine 
ether the strategy suggested by Drs Tornambe and Po- 

1 r might produce an improved outcome in vision, we urge 
reme caution in deviating from the goal of complete cov- 

erage of neovascularization. 

MAUREEN G. MAGUIRE, PHD 

JAMES C. FoLk, MD 

LAWRENCE J. SINGERMAN, MD 

ANDREW P. ScHACHAT, MD 

DAWN W. BLACKHURST, MS 

JUDITH A. CHAMBERLIN 

NEIL M. BRESSLER, MD 

STUART L. FINE, MD 

BARBARA S. HAWKINS, MS 

MICHAEL J. ELMAN, MD 

From the Macular Photocoagulation 
Study Group 
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tural Evolution of Postoperative Astigmatism 


To the Editor.—I congratulate Drs Parker and Clorfeine' 
r showing the natural evolution of postoperative astig- 
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p. Persistent and recurrent — 
aser photocoagu lation for neovascular le- ~ 








matism after pl icapsul: taract extra 
using a limbal incision nterrupted 10-0 nylon st Sl. 
Their study shows what has been known for a long time— — 
that a limbal incision closed with any type of suture will 
show a drift toward against-the-rule-induced astigmatism. 
Their study also points out the fallacy of evaluating the 
postoperative astigmatism until all the sutures are cut or 
have been removed or absorbed. Many published studies 
report results after 3 to 6 months that can be completely 
erroneous. This study also points out the fallacy of attempt- 
ing to correct astigmatism by tangential keratotomy at the 
time of surgery. How do you know what to correct when you 
do not know what the postoperative astigmatism really is? 
I have shown that the use of a scleral tunnel"? (actually 
a sclerocorneal tunnel), even when closed with absorbable 
sutures, will prevent induced astigmatism. The authors' 
study has confirmed my contention that sutures alone will 

not produce permanent changes in astigmatism. 
Louis J. GiRARD, MD 

Houston, Tex 





1. Parker WT, Clorfeine GS. Longterm evolution of astigmatism follow- 
ing planned extracapsular cataract extraction. Arch Ophthalmol. 1989; 
107:353-351. 

2. Girard LJ. Scleral tunnel for prevention of induced astigmatism. In: 
Emery JM, ed. Current Concepts in Cataract Surgery. Proceedings of the 
Eighth Biennial Cataract Surgical Congress. East Norwalk, Conn: Appleton 
& Lange; 1984:211-215. 

3. Girard LJ. Reducing surgically induced astigmatism by using a scleral 
tunnel. Am J Ophthalmol. 1984;91:450-456. 


In Reply.—Dr Girard noted that our study confirms that 
limbal incisions closed with interrupted 10-0 nylon sutures 
tend to decay to against-the-rule-induced astigmatism over 
time. He further suggested that the use of a "scleral tunnel" 
will prevent such against-the-rule-induced astigmatism. 
This may indeed prove to be the case. A posterior incision 
(such as the scleral tunnel) was, in fact, one of several pos- 
sible approaches we suggested in our article to possibly 
avoid the long-term drift toward against-the-rule astigma- 
tism seen with superior limbal incisions closed with inter- 
rupted 10-0 nylon sutures. 

Rigorous data to support the utility of the scleral tunnel 
ineision are not, to our knowledge, yet available. As we sug- 
gested in our article, any study to validly assess the efficacy 
of any technique with respect to postoperative astigmatism 
should prospectively follow up consecutive patients over a 
long period (2 to 3 years), preferably with vector analysis of 
the data. 

We look forward to the results of such studies for scleral 
tunnel incisions as well as other incision and suture tech- 
niques. 

GARY S. CLORFEINE, MD 
WILLIAM T. PARKER, MD 
san Diego, Calif 
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: The First Flexible FluoroPolymer (FFP) Contact Lens. 5 a : 


Like no lens before it, the 
new ALLERGAN ADVENT™ 
(flurofocon A) Contact Lens 
helps bridge the gap between 
your demands for superior 
vision and corneal health 
and your patients’ needs for 
comfort and convenience. 


Its revolutionary new flexible 
fluoropolymer (silicone-free) 
material delivers a degree of 
corneal health that rivals that 
of the lens-free eye. Yet still 
provides the short- and long- 
term comfort so important to 
your patients. 


Virtually “lens-free” 
performance: a new 
measure of corneal 
health. 


Oxygen transmissibility is a 
familiar term. But virtually 
“lens-free” performance is 
unique to the ALLERGAN 
ADVENT Lens. 


Its Dk value is 100, which 
helps translate to overnight 
corneal swelling of only 
196-296 above baseline for 
the lens-free eye? That's 
significantly less than 

the 696-1296 swelling 
experienced with other 


= ALLERGAN OPTICAL 


A Division of Allergan, Inc., Irvine, CA 92713 


€ 1989 Allergan, Inc. 


lenses recommended for 
overnight wear? But more 
than enough reason to 
specify the ALLERGAN ADVENT 
Lens for your patients’ 
extended or flexible wear 
needs. 





Less overnigtit corneal swellin g 
confirms virtually “lens-free” 
performance. 


Visual acuity and 
comfort combined: 

a healthy way to 
encourage successful 
lens wear. : 


The ALLERGAN ADVENT Lens 
combines the best benefits of 
hydrophilic, silicone acrylate 
and fluorosilicone acrylate 
lenses. Yet avoids the 
drawbacks unavoidable with 
those conventional contacts. 


Flexibility and a unique 
design help maximize 
patient comfort. A high 
degree of deposit resistance, 
good visual acuity and good 
wettability also are 


E 


maintained. So your iens 
can have good comfort and — 
crisp vision combined. 


Designed for the health | 
of the human eye. E 
Nothing else delivers a better 
combination of visual acuity, 
comfort and virtually "lens- 
free" corneal physiology than — . 
the new ALLERGaN ADVENT | 
Contact Lens. OM 








Begin fitting the 
ALLERGAN 
ADVENT Lens 
today and give 
your patients a = o 
better start Flexibility and x 
$ a unique design 
toward long edm a E 
term ocular provide good E 
health. patient comfort. 4 
7 
Too good to consider 3 
anything less. * 
| e ` 1 
Developéd ii manüfaciined by 3M. 
1. Dk = 106 x 10-!! (cm2/sec) (ml 02/ml x mm Hg), 
Holden, Brennan, Efron. 
Dk = 170 x 10-!! (cm2/sec) (ml 02/ml x mm Hg), 
Irving Fatt, Ph.D. 
Dk = 95 x 10-!! (cm2/sec) (ml 02/ml x mm Hg), 
1987 Revised Fatt. 
2. Data on file, Allergan, Inc. i 
3. Holden BA, Mertz GW, McNally JJ. Corneal i 
swelling response to contact lens worn under "7 
extended wear conditions. Invest Ophthalmol jo. 
Vis Sci 1983;24:218-226. f iw 
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Documentation of 
Suprachoroidal Hemorrhage 
During B-Scan Ultrasonography 





To the Editor. —Delayed nonexpulsive 
suprachoroidal hemorrhage is an un- 
common complication of ocular sur- 
gery. The histopathologie features of 
this condition have been described. 
We report the occurrence of a nonex- 
pulsive suprachoroidal hemorrhage 
during contact B-sean ultrasonogra- 
phy. Documentation was made with 
'quential photographs. To our knowl- 
edge, the association of this procedure 
with a suprachoroidal hemorrhage has 
not been reported. 








‘Report of a Case.—A 32-year-old white 
man with uncontrolled secondary glaucoma 
underwent a combined trabeculectomy, op- 
tical iridectomy, secondary cataract re- 
moval, and anterior vitrectomy, Preopera- 
tive aphakie spectacle correction was +8.00 
diopters OU. Axial length measurements 
were not available. 
<- -Marked hypotony was present from the 
first postoperative day. When the posterior 
~ pole became difficult to visualize, B-scan ul- 
trasonography was performed to rule out 
kissing choroidal detachments. The exami- 
nation was performed through closed eye- 
lids in an atraumatic fashion. Initially, 
kissing choroidal detachments were seen in 
the superior aspect of the globe (Fig 1). 
^ During the examination, an echodense 
area was noted to be forming within the 
superotemporal choroidal detachment, 
more proximal to the scleral aspect of the 
detachment (Fig 2). Pulsations were noted 
within the superotemporal choroidal, oc- 
curring at the same rate as the carotid 
pulse. A diagnosis of suprachoroidal hem- 
orrhage was made. 
= As the hemorrhage grew, it began to 
impress the surrounding serous choroidal 
ations, The ultrasound examination 
as terminated. The intraocular pressure 
rose from 0 mm Hg to 10 mm Hg. The next 
day both serous and hemorrhagic fluid were 
ained from two separate sclerostomy 
sites. The superotemporal sclerostomy 
elded only hemorrhagic fluid as predicted 
the ultrasound examination. The globe 
as reinflated with a mixture of sulfur 
hexafluoride gas and balanced salt solution. 
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Fig 1.— Kissing choroidal detachments at the 
onset of ultrasonography. 





Fig 2.--Enlarging choroidal hemorrhage com- 
pressing serous detachment (black arrow); 
note presumed source of bieeding (white 
arrow). 


At last follow-up, visual acuity remained at 
the preoperative level, and the intraocular 
pressure remained controlled. 


Comment, —The source of bleeding 
in a suprachoroidal hemorrhage has 
never been clearly demonstrated. In 
our case, the pulsations of the devel- 
oping hemorrhage were coincident 
with the carotid pulse, suggesting an 
arterial source. 

Although the technique of ultra- 
sonography is relatively atraumatic, 
minimal trauma, scleral infolding, and 
transmission of ultrasonic energy may 
be sufficient to tear a vessel in an eye 








Case Reports are subject to editorial review and will be published as space and editorial priorities permit. They will be listed 
by author and title in the table of contents, and authors and subjects are indexed by the major indexing services, 

Contributions to this section ordinarily do not exceed 500 words in length. There should be a maximum. of three references. 
Two figures or one figure plus one table can be printed. 

The typescript should be double-spaced with a ragged right-hand margin and submitted in triplicate. A copyright transmittal 
letter signed by all authors must accompany the letter. Please refer to “Instructions for Authors" for additional 


that is at risk for suprachoroidal hem- 
orrhage. In eyes with the risk factors 
of glaucoma, aphakia, and high 
myopia‘ (at least two of which our pa- 
tient had), ultrasonography should be 
limited to those cases where fundu- 
scopic evaluation is impossible but 
necessary for clinical management. 
ANDREW F. DANNEMANN, MD 
Charlottesville, Va 


ANNA MaJerovics, MD, FRCS 
MARTIN B. KABACE, MD, FRCS 
Albany, NY 


Reprint requests to 799 Madison Ave, Albany, 
NY 12208 (Dr Kaback). 


i. Mansehot WA. The pathology of expulsive 
hemorrhage. Am J Ophthalmol, 1955;40:15-24. 

2. Cantor LB, Katz LJ, Spaeth GL. Suprachor- 
oidal expulsive hemorrhage in glaucoma patients 
undergoing intraocular surgery. Ophthalmology. 
1985;92:1266-1270, 

3. Gressel MG, Parrish RK, Heuer DK. Delayed 
nonexpulsive suprachoroidal hemorrhage. Arch 
Ophthalmol. 1984;:102:1157-1160. 

4. Ruderman JM, Harbin TS Jr, Campbell DG. 
Postoperative suprachoroida! hemorrhage fol- 
lowing filtration procedures. Arch Ophthalmol 
1986;104:201 205. 


Varicella-Zoster Retinitis in 

Human immunodeficiency 

Virus Infection 

To the Editor. —Infection with the hu- 
man immunodeficiency virus (HIV) 
manifests itself in a spectrum of clin- 
ical findings, including viral retinitis. 
Cytomegalovirus is the most com- 
monly described opportunistic infec- 
tion in the retina. We present a case of 
varicella-zoster retinitis, confirmed 
with immunofluorescent studies, that 
occurred in a patient with an HIV in- 
fection. 

Report of a Case, —A 39-year-old homo- 
sexual man was seen at the ophthalmology 
clinic with a 1-month history of redness and 
decreased vision in the right eye. He had 
tested positive for HIV 4 months previously 
and had a history of oral candidiasis, intes- 





m 
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tinal giardiasis, and genital herpes simplex. 
The patient had been taking zidovudine for 
1 month. 

In addition to a corneal epithelial den- 
drite and anterior chamber cell and flare, 
the patient had cutaneous vesicles consis- 
tent with herpes zoster ophthalmicus. The 
results of the fundus examination of both 
eyes were normal. The patient was treated 
with oral acyclovir (1600 mg/d) and topical 
prednisolone, with resolution of both the 
skin and ocular lesions. 

Three weeks later, the patient com- 
plained of photopsia, decreased vision, and 
floaters in the right eye. There were cells in 
the anterior chamber and vitreous. We 
noted a traction rhegmatogenous retinal 
detachment with many large holes. There 
was circumferential involvement with a 
perivascular necrotizing retinitis (Fig 1). A 
single patch of perivascular retinitis was 
noted in the left eye. Because of the medi- 
eal history and clinical findings, a presump- 
tive diagnosis of varicella-zoster retinitis 
was made, and the patient was hospitalized 
to receive parenteral acyclovir treatment. 

The patient underwent laser retinopexy 
around the peripheral lesion in the left eye, 
vitrectomy, retinal biopsy, and silicone oil 
retinopoesis in the right eye. Retinal and 
vitreous cultures taken at vitrectomy were 
negative. Immunofluorescent stains of the 
retina tested positive for varicella-zoster 
(Fig 2) and negative for herpes simplex and 
cytomegalovirus. The stains were per- 
formed using the Ortho (Raritan, NJ) Vari- 
cella-Zoster Identification Reagent in- 
tended for direct detection of varicella- 
zoster virus (VZV) in smears and biopsy 
specimens; it has a very high sensitivity and 
specificity for VZV. 

After 15 days of parenteral antiviral 
therapy, the retina in the right eye was re- 
attached and the retinitis in both eyes had 
resolved to inactive scars. 


Comment.—Our patient presented 
with herpes zoster ophthalmicus in 
one eye, then necrotizing retinitis in 
both eyes. The rapid onset of the cir- 
cumferential retinitis with vitreous 
and uveal involvement progressing to 
retinal detachment was reminiscent of 
acute retinal necrosis. This syndrome 
has been linked to the VZV with or 
without accompanying skin manifes- 
tations in otherwise healthy indi- 
viduals.’ 

Cytomegalovirus is frequently 
thought to be the cause of a necrotizing 
retinitis occurring in patients with 
HIV infection. Herpes simplex retini- 
tis has also been described in patients 
with zoster ophthalmicus.’ There have 
been reports of presumed VZV retini- 
tis in patients with HIV infection.’ We 
think the immunofluorescent stains of 
the retinal biopsy specimen further 
substantiate the possibility of VZV as 
a cause of retinitis in patients with 
HIV infection. 

The therapeutic implications of this 
distinction are important for a number 
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Fig 1.—The right eye, 7 weeks after onset of 
typical herpes zoster ophthalmicus, shcwing a 
representative portion of the fundus with a 
large area of necrotizing retinitis and detached 
retina. Note the mild vitreous haze. 





Fig 2.—Immunofluorescent stain oF retina 
specimen taken at the time of vitrectomy, 
showing a strongly positive staining pattern for 
varicella-zoster virus. 


of reasons. First, acyclovir is less toxic 
and has a more clinically proved effi- 
cacy against herpes zoster tham other 
antivirals. Second, acyclovir is ess ef- 
fective against cytomegalovirus than 
dihydroxy propoxymethyl guanine. 
Third, bone marrow suppression is less 
likely with acyclovir and it may be 
used in conjunction with zidovudine, 
where dihydroxy propoxymethy] gua- 
nine may not. 

For these reasons, specifie viral 
causes should be established if possible 
in each case of retinitis associat2d with 
HIV infections. We think that in pa- 
tients with HIV infections and retini- 
tis in whom the appearance of the ret- 


ina and vitreous suggest acute retinal 

necrosis, VZV should be strongly sus- 

pected. 
ROBERT B. CHAMBERS, DO 
RoBERT J. DERICK, MD 
FREDERICK H. DaviporF, MD 
SUSAN L. KOLETAR, MD 
MATTHEW E. DANGEL, MD 
Columbus, Ohio 


1. Culbertson WW, Blumenkrantz MS, Pepose 
JS, Stewart JA, Curtin VT. Varicella zoster virus 
is a cause of the acute retinal necrosis syndrome. 
Ophthalmology. 1986;93:554-569. 

2. Partamian LG, Morse PH, Klein HZ. Herpes 
simplex type I retinitis in an adult with systemic 
herpes zoster. Am J Ophthalmol. 1981;92:215-220. 

3. Jabs DA, Schachat AP, Liss R, Knox DL, 
Michels RG. Presumed varicella zoster retinitis in 


immunocompromised patients. Retina. 1987;7: 
9-13. 


Complications Associated With 
the New Smaller Size Freeman 
Punctal Plug 


To the Editor.—Since its introduction 
more than 10 years ago,' the Freeman 
punctal plug (Eagle Vision, Memphis, 
Tenn) has been found to be useful in a 
subset of patients suffering from mod- 
erately severe keratoconjunctivitis 
sicca? The original design of the plugs 
had a large outer cap that often caused 
a foreign-body sensation and pre- 
cluded long-term tolerance. Recently, 
two new plug designs (medium and 
small sizes) have been made available. 

We first used the smallest size plug 
(model 003) in May 1988. Since then, we 
have observed two types of complica- 
tions with this new design that had not 
been noted with the original larger de- 
sign: punctal scarring after removal of 
the plugs in one patient, and loss of the 
plugs into the canaliculi in three pa- 
tients. 


Report of Cases.—CASE 1.—Freeman 
punctal plugs were placed in all four puncta 
of a 49-year-old woman with keratocon- 
junctivitis sicca. The patient returned 1 
week later with epiphora from the left eye. 
The plug was removed from the left inferior 
punctum. One week later the patient noted 
pain in the nasal portion of the left upper 
eyelid. The punctal plug was found to have 
migrated approximately 5 mm into the left 
superior canaliculus. In addition, the left 
inferior punctum was completely stenosed 
(Fig 1). Under local anesthesia, a left supe- 
rior ampullotomy and proximal canaliculo- 
tomy were performed, and the plug was re- 
moved. The left inferior punctal ampulla 
was opened by a vertical incision in the 
posterior eyelid margin. A moderate 
amount of cheesy material exuded from the 
site. The left nasolacrimal system was in- 
tubated with Crawford tubing. The tubes 
were removed 3 months later, and the lac- 
rimal system has remained patent. 
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Fig 1.— Complete stenosis of the left inferior punctum (arrow) 1 week after removal of the Free- 
man punctal plug. 


CASE 2.— After placement of a model 003 
punctal plug, the referring ophthalmologist 
was not able to identify the location of the 
plug after withdrawal of the introducer. A 
canalicular block was identified at the mid- 
point between the punctum and the lacri- 
mal sac, and the misplaced plug was re- 
moved by left inferior ampullotomy and 
canaliculotomy (Fig 2). 

CASE 3.— This case was similar to the 


second case, but the patient refused to have 
the plug removed. 

Comment.—The smaller Freeman 
punctal plug may cause less irritation 
than the original design, but this ad- 
vantage must be weighed against the 
possibility of misplacing the device 
into the canalicular system at the time 
of insertion, or later if it migrates into 


News and Comment 


Dr J. Donald M. Gass Named Recipient 
of 1989 Distinguished Faculty Scholar 
Award.—J. Donald M. Gass, MD, a 
member of the Department of Oph- 
thalmology of the University of Miami 
(Fla) School of Medicine since 1962, 
received the Distinguished Faculty 
Scholar Award in a ceremony at the 
Gusman Concert Hall on the Univer- 
sity of Miami campus on April 6. Dr 
Gass then delivered a public lecture 
entitled "Unravelling the Mysteries of 
a Progressive Blinding Disorder." 
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Fig 2.—Removal of the displaced punctal plug 
(arrow) from the left inferior canaliculus by am- 
pullotomy and canaliculotomy. 





the canaliculus. The finding of punctal 
stenosis in one patient is also discon- 
certing. 
LEO J. MAGUIRE, MD 
GEORGE B. BARTLEY, MD 
Rochester, Minn 


1. Freeman JM. The punctum plug: evaluation 
of a new treatment for the dry eye. Ophthalmol- 
ogy. 1975;79:874-879. 

2. Willis RM, Folberg R, Krachmer JH, Hol- 
land EJ. The treatment of aqueous-deficient dry 
eye with removable punctal plugs: a clinical and 
impression-cytologic study. Ophthalmology. 1987; 
94:514-518. 


J. Donald M. Gass, MD 
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q Portrait of Noncompliance 


"| go from the studio one day to location the 
next. Then into the darkroom or back to my 
office. The only way | can keep a schedule is 
to see it in front of me. That$ how | know 
what to do next!" 


Out of sight, out of mind. It's a time- 
worn expression, but one that still holds 
important implications for proper dosing. 

For many patients, a simple visual 
cue can go a long way to prompt the 
next dose. 

Since 1980, Propine has provided 
glaucoma patients with twice-daily IOP 
control. But now, with the addition of 
Allergans exclusive C Cap, Propine can 
add a compliance advantage to your 
therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, and 

e Minimizes confusion for patients 

on multidose therapy or multiple 
medications. 

Propine with C Cap is available in 
5 mL and 10 mL bottles. 

Please see adjacent page for brief 
summary of prescribing information. 





Propine" (aipivetrin CI) 


EE Sun sterile ophthalmic solution, 
Pope" $ — USP 0.1% with 


a EP DM et i 
M — Cp 


Compliance Cap B.I. D. 


Sý: Propre wih C Carr 


© ALLERGAN PHARMACEUTICALS 
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'ROPINE" WITH C CAP" 
Propine with C Cap encourages proper dosing by: 
* Tracking next dose to be taken, and 

* Minimizing confusion for patients on multidose 
. therapy or multiple medications. 


PROPINE* (dipivefrin HCl) 


sterile ophthalmic solution, USP, 0.1% with 


E | C CAP a Compliance Cap B.1D. 


.. INDICATIONS: Propine oper HCI) is indicated as initial 

therapy for the contro! of intraocular pressure in chronic open- 
. angle giaucoma. Patients responding inadequately to other 
antigiaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
-demonstrated a statistically significant intraocular pressure- 
. lowering effect. Patients using Propine twice daily in studies 
. With mean durations of 76-146 days experienced mean pressure 
. feductions ranging from 20-24%. Therapeutic response to 
-< Propinetwice daily is somewhat less than 2% epinephrine twice 
-- daily. Controlled studies showed statistically significant differ- 
. ences in lowering of intraocular pressure between Propine and 
_ 2% epinephrine. In controlled studies in patients with a history 
of epinephrine intolerance, only 3% of patients treated with 
_. Propine exhibited intolerance, while 55% of those treated with 
-epinephrine again developed intolerance. Therapeutic 
.. response fo Propine twice daily therapy is comparable to 2% 
. pilocarpine 4 times daily. In controlled clinical studies com- 
-paring Propine and 2% pilocarpine, there were no statistically 
~ Significant differences in the maintenance of IOP levels forthe 
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Two-year position available start- 
ing July, 1990. For further informa- 
tion, please write 
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. INDICATIONS: Propine® should not be used in patients with nar- Neuro-ophthalmology 
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THE MaRCO LaSERO:’ 





just a fossil. 


No YAG Laser on the market today has as 
many features as the Laseron by Marco 
Technologies at anything near the price. 

Forget the special visits to the hospital 
each time you need a full-featured YAG. Let 
the other office lasers, with their inadequate 
features, pass into extinction. 

The Marco Laseron will fit as comfortably 
in your office as it does in your budget. Yet 
it has all of the operational and safety fea- 
tures youre accustomed to in a hospital- 
size YAG. Here's what we mean: 

1 — A “through-the-microscope-head” 
optical system — the cleanest on the 
market today. 

2 — Fundamental 4- mode laser with a 
1 - 5 pulse burst. 

3 — Continuously variable power up to 10 
millijoules. 

4 — Automatic self-testing whenever 
the power is initially turned on or 
changed. 

5 — Dual “He Ne” aiming system with in- 
finite intensity adjustment. 

6 — Optimum 16-degree cone angle. 

7 — YAG does not interfere with “full use” 
of slit lamp. 

8 — Unique self-diagnostic safety package 
with Q-switch verification system. 

9 — Fail-safe shutter, and tamper-proof 

system interlocks. 

10 — Self-monitoring 

system and modular 

components for easy 
in-office maintenance. 

11 — Manual override of 

automatic test sequen- 

cing when desired. 

12 — Shot counter with 

reset button for use 

with each patient. 

13 — Two emission 

warning lights. 

14 — Laser ready light 

to indicate when laser 

is charged. 










Anything else is 








For a more readable and comprehensive list of features, 
call or write Marco Technologies directly for our brochure, or 
ask for one of our representatives to contact you personally. 

Marco Technologies Laseron: The only small feature is 


the price. 
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A d vision of Marco Equipment, Inc. 
11825 Central Parkway, P.O. Box 16938 
Jacksonville, FL 32245-6938 

Toli-free 1 (800) 874-5274; In Florida: 
(904)642-9330 Telex: 756172 






































CHICAGO — The computer has become a familiar tool in American 
ieine. Physicians routinely use computers to perform a wide 
var ety of tasks, such as information management, the adminis- 
tration of therapy, and the diagnosis of illness. However, despite 
presence of computers in medicine for almost 20 years, the ju- 
cial system is only beginning to define the computer’s place in li- 
ility law. The physician’s use or nonuse of computers will almost 
certainly be scrutinized in future malpractice cases. Until estab- 
lished precedents emerge, physicians who do not wish to be a part 
of them must look to legal parallels for an indication of the stan- 
dards to which they will be held. 
Physician use of computers is not yet an element of the legal 
standard of care, which is defined by the custom and common prac- 
tice of the medical profession. However, this fact will not neces- 
sarily render physicians who fail to use computers immune from 
iability. In the past, courts have imposed liability on those who 
failed to use new technology even before it gained widespread ac- 
ceptance. This was most readily apparent in cases where the tech- 
nology substantially increased safety. For example, in a 1932 case, 
he owners of an ocean-going vessel were held liable for their fail- 
ure to install weather radio receivers. The fact that it was not then 
the industry custom to employ such devices did not shield the own- 
s from liability. The court reasoned that because the weather in- 
ormation derived from the radios was vital to the safety of the 
vessel, and the cost of installing radios was relatively low and they 
were readily available, the failure to use the device was negligence, 
which was neither excused nor mitigated by the fact that the in- 
dustry as a whole had not adopted the use of radios.’ 
— This case has been cited by courts that have imposed liability on 
hysicians | for failing to take precautions that, even though not part 
the standard of care, would have enhanced patient safety. It is 
possible that the same type of reasoning will eventually lead to a 
nalpractice finding against a physician whose patient suffers harm 
lue to the physicians failure to use a computer. 
A. more recent case serves to underscore the liability implica- 
of the computer's medical information management applica- 
; Current biomedical information is an element of effective 
nt care; d this io mud is growing 80 ies that phy- 














hey parkt to a pente daring lern pregnancy. The court rea- 
d that a number of medical journal articles warning of the 
g side effects were available at the time and that the 
hys ian's failure to examine the available information prior to 
scribing the drug was negligent. The court's reasoning was that 
patient was not provided with sufficient information to give her 
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Computers and the Legal Standard of Care 


informed consent to the treatment recommended by her 
physicians.’ The computer's ability to provide rapid and timely ac- 
cess to pertinent medical literature through on-line systems, such 
as MEDLINE, enables physicians to limit their liability exposure. 

It is in diagnostic and clinical applications that computers most 
directly affect patient care.* The computer's use as a treatment aid 
or diagnostic tool will be most likely to lead to liability issues when 
the software controlling such devices malfunctions or proves 
defective. A resolution of many of these liability issues will hinge 
on how software is categorized: as a product or a service. If courts 
view software as a product, it is likely that only those responsible 
for the production of the software will be held liable, under strict 
liability principles. If, however, the software is viewed as a service, 
it is possible that those physicians using it, as well as the manu- 
facturer, will be held liable under a negligence analysis? Recent 
steps taken by the Food and Drug Administration to regulate cer- 
tain types of software used in medicine as medical devices appear 
to parallel past regulation of pharmaceuticals.’ Regulation of soft- 
ware by the Food and Drug Administration could provide the 
courts with a set of standards to measure the reasonableness of a 
physician's reliance on a particular program. 

The computerization of medicine promises to alter nearly every 
aspect of medical practice and will inevitably affect the liability 
exposure of physicians. As computer diagnostic aids and other 
similar medical techniques become increasingly sophisticated and 
reliable, and as they attain widespread use, the courts will find a 
physician’s reliance on such systems to be justified. Indeed, as these 
systems are recognized as reliable authorities for medical decision 
making, a physician’s deference to a computer diagnostic aid might 
be held to imply nonnegligence.’ Physicians will ultimately be 
called on to develop their skills in using these new medical tools. 
Not only will they be required to master the technical aspects of the 
new technology but they will also need to exercise vigilant 
judgment with regard to the complex medical information the ma- 
chines can provide. 

ARTHUR W. HAFNER, PHD 

Director, Division of Library 
and Information Management 
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Headache, 2nd ed, by N. H. Raskin, 
396 pp, with illus, New York, NY, Church- 
ill Livingstone Inc, 1988, $49. 


Although ophthalmologists may be 
surprised to see a book with this title 
reviewed in the Archives of Ophthal- 

S mology, this particular monograph's 
^ general excellence and attention to 
. detail make it an important reference 
for. all clinicians. The ophthalmologist 
_is frequently the first physician to see 
.a patient who is complaining of per- 
-> jerbital pain or the visual manifesta- 
tions of a migraine. This is a superb, 
^ gingle-authored text on the myriad of 
headache syndromes, their clinical 
aspects, theories of pathogenesis, and 
methods of treatment. It is the second 
;-. edition of a book first published only 8 
f © years ago, but it has been almost 
. . entirely rewritten, attesting to the 
> - veritable explosion of information on 
— ^ this subject that has occurred in the 
-~ -neuroscience community. 










.a superb, single-authored 
text on the myriad of headache 
syndromes . 


The first chapter provides an over- 
view with a historical perspective of 
.. the classic theories of pathogenesis, 
including the comfortable concept of 
-.vasoconstriction-vasodilation. In light 
. of recent experimental evidence, this 
-theory has become increasingly diffi- 
-cult to consider primary in the cause 
of head pains. Three chapters on the 
clinical aspects, pathogenesis, and 
treatment of migraine are superb and 
are followed by sections on tension 
and cluster headaches, the indometh- 
acin-responsive pain syndromes, the 
postconcussion syndrome, headaches 
secondary to alterations of intracrani- 
al structure or homeostasis, giant cell 
— arteritis, and facial pain. 

.. "Although Dr Raskin still discusses 
tension headache separately from 
nigraine headache, he questions the 
previously held tenets that these are 
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etiologically and therapeutically dif- 
ferent entities, and proposes that they 
are “quantitatively different ¢ inical 
expressions of a single disordered 
mechanism.” Indeed, the book empha- 
sizes central mechanisms of headache 
and suggests a major final eonmon 
pathway in the perturbation of sero- 
toninergic neurotransmission in the 
brain. 

The book is current, extraordinarily 
well referenced, easy to reac, and 
comprehensive. Although replet» with 
theories emerging from basic science 
research, it remains a very practical 
book for the clinician. It clearly docu- 
ments the available evidence regard- 
ing the clinical experience and phar- 
macologic actions of medications used 
in acute and prophylactic treatment 
of headache. The ophthalmologist and 
neuro-ophthalmologist will be partic- 
ularly interested in the excellent 
deseriptions of the varied. ‘visual 
aspects of migraine, the secticns on 
cluster headaches and facial pain, the 
discussion of the characteristics of 
pain due to alteration of intraeranial 
contents (such as that due to tumor, 
aneurysm, or raised intracrania. pres- 
sure), and the chapter on giaat cell 
arteritis. 

I recommend this book to neurolo- 
gists and  neuro-ophthalmologists. 
Practicing ophthalmologists sheuld at 
least be aware of its role as an excel- 
lent reference. 

NANCY J. NEWMAN, MD 
Boston, Mass 


Retinopathy of Prematurity: Prob- 
lem and Challenge, edited by John T. 
Flynn and Dale L. Phelps, 345 pp, New 
York, NY, Alan R Liss Inc, 1988, $140. 


Retinopathy of prematurity (ROP) 
has been a continuing problem and 
challenge to pediatricians anc oph- 
thalmologists since it was first 
deseribed in 1942.' It was a leading 
cause of childhood blindness. n the 
1940s and 1950s,” and with the surviv- 
al of even smaller premature irfants, 


term benefit from eyed | 

































has become common again as a caus 
of serious visual loss. | 

This book, containing the proceed 
ings of a symposium held in 1985, is. 
good introduction for newcomers 
the field as well as a useful review 
work done up until 1985 for those wit. 
a special interest in ROP. It will b 
primarily of interest to pediatric oph 
thalmologists, retinal surgeons, an 
general ophthalmologists responsibil 
for examining infants in newbori 
nurseries. Neonatologists also wi 
find their understanding of R 
enhanced by reviewing the book. 
starts appropriately with a warm a 
moving dedication to William A. 
verman, who has written so 
about this serious problem. 











...a good introduction fo 
newcomers to E field oM 


Certain articles stand out. Luce 
brief article about intracranial hem 
orrhage and ROP and Cassady’ s ele 

gantly written and persuasive correla 
tion of patent ductus arteriosis wit. 
intraventricular hemorrhage, RO 
and baise. d enterocolitis. ar 


logical review. ? cmon and Tepli 
advice to oph halmologists - not 
withdraw emotional support from th 
parents of infants who have bi 


heart by those ophthalmologists ) 
believe that they have no further 
once all vision is lost. The appen 
the end of Teplin's chapter wi 
helpful: for referral to appre p ri 
agencies and support groups. = > 

Any book like this, released 3 ye y 
after a symposium is held in a fiel 
that is moving so rapidly, will inevita 
bly be out of date by the time it i 
published. From the clinician's poin 
of view, the most important progres 
made since this symposium has bee: 
the demonstration of at least sho 












































“ROP? 

The only serious flaw is the lumping 
together of all color plates in a sepa- 
rate section in the center of the book. 
This makes it extremely awkward to 
ook at photographs while reading the 
text. Also, many of the legends for the 
color plates are confused, but the alert 
reader should be able to unseramble 
< them because the mislabeling is so 
obvious. Otherwise, the editorial qual- 
ity is generally good. 

— lI recommend this book to anyone 
-interested in premature infants and 
-their problems, and especially to those 
>: us who regularly examine their 


ROBERT A. PETERSEN, MD 
Boston, Mass 
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- Drug Evaluations, 6th ed, 164 pp, 
- Chicago, Ill, American Medical Associa- 
“tion, Department of Drugs, Division of 
-Drugs and Technology, 1986, $45. 


. Ophthalmologists seeking a practi- 
.eal reference source for the use of 
-ocular and systemic drugs will be 
pleased with the new edition of the 
American Medical Association's Drug 
Evaluations. While it lacks some of 
-the minutia of the Physician's Desk 
Reference, and the more comprehen- 
ive pharmacokinetic information of 
‘other texts, it is the best single refer- 
-ence source for clinical drug informa- 





a .it is the best single refer- 
‘ence source for clinical drug infor- 





_The book opens with several con- 
isely written chapters that cover 
Spects of prescription practices, 
practical pharmacokinetics, drug in- 
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teractions, and adverse drug reac- 
tions. Eighty chapters in all eover 


every drug in current use. Short dis- 
cussions of disease pathogenesis and 
the principles of therapeutics in vari- 
ous diseases are included to support 
the discussion of specific drug indica- 
tions. Particularly useful are the com- 
parative drug evaluations. The most 
important adverse reactions and pre- 
cautions are emphasized. Less, but 
still sufficient, space is devoted to 
minor side effects. Recommended dos- 
ages, formulations, and generic and 
brand names are included. Each sec- 
tion contains helpful references. 

Several chapters are clearly of 
interest to ophthalmologists, includ- 
ing "Agents Used to Treat Glauco- 
ma," "Mydriaties and Cycloplegics," 
“Miscellaneous Ophthalmic Prepara- 
tions,” and “Topical Anti-Infective 
Agents: Otic and Ophthalmic Prepa- 
rations.” Also of value are the chap- 
ters on anesthetics, anti-inflammato- 
ry agents, and systemic antimicrobial 
agents, all of which are prescribed by 
ophthalmologists. The book may be 
most helpful in providing information 
on other drugs commonly used by our 
patients, including antihypertensive 
and glucose-regulating agents. 

The editors of this book, along with 
the consultants and reviewers (includ- 
ing a number of ophthalmologists) are 
to be congratulated for providing this 
important reference source. The for- 
mat and contents of Drug Evaluations 
result in a text that deserves to be the 
clinician’s primary choice for drug 
information. 

MICHAEL RAIZMAN, MD 
Boston, Mass 


The Battered Child, ed 4, edited by 
R. E. Helfer and R. S. Kempe, 453 pp, 
with illus, Chicago, lil, The University of 
Chicago Press, 1987 $35. 


Over 25 years ago, Dr Henry Kempe 
coined the phrase "the battered child" 
for children who are abused and 
neglected. Since that time, profession- 
als and the publie at large have 
become more knowledgeable about 
this problem. Laws have been passed 
to facilitate recognition of the prob- 
lem and help with prevention. The 





resource t information: about thi oS 
problem. persists. This volume, now. . 
updated in its fourth edition, is toa 
large degree such a resource. It con- 
sists of four parts. 





. an essential resource . 





Part I reviews the historical prece- 
dent for child abuse. It diseusses the 
way stress and crises affect parent- 
child interaction and further psycho- 
dynamics of child abuse. Part II cov- 
ers the multidisciplinary team-assess- 
ment responsibilities, focusing on 
family members and their interac- 
tions. Part III presents material 
regarding intervention and treat- 
ment. Protective services, child thera- 
py, law enforcement, and foster place- 
ment are reviewed. Part IV covers 
prevention. In addition, there is a 
discussion about promoting positive 
parent-infant relationships, as well as 
of the historical basis for the national 
priority given to this problem. 

This book provides a brief descrip- 
tion of the ocular clinical manifesta- 
tions and pathology of nonaccidental 
trauma. This brevity is, unfortunate- 
ly, disproportionate to the signifi- 
cance of the information. This weak- 
ness is accentuated by an incomplete 
bibliography of writings related to 
pertinent eye information, which 
might help the reader interested in 
this subject. 

The Battered Child, in its fourth 
edition, is an essential resource for 
individuals and institutions involved 
with and concerned for these children. 
I hope the fifth edition will include a 
more complete section on the eye. 

Davip WALTON, MD 
Boston, Mass 


Books Received but Not Reviewed 
Caicium in Muscle Activation, by 
Johann Caspar Ruegg, 300 pp, with illus, 
New York, NY, Springer-Verlag NY Inc, 
1988, $98. 


The Science of Fractal Images, by 
Michael F. Barnsley, Robert L. Devaney, 
Benert B. Mandebrot, Heinz-Otto Pert- 
gen, Dietman Saupe, and Richard F. 
Voss, 313 pp, with illus, New York, NY, * 
Springer-Verlag NY Inc, 1988, $69. 
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Dear Eyecare Practitioner: | May 3 30, 1989 





This is to inform you that the Food and Drug ETE ns is requesting T of | 
cosmetic extended-wear soft contact lenses to indicate a recommended wearing time of 1 to 7 
days in the product labeling, and to strengthen warnings about the risk of ulcerative keratitis 
and the importance of proper lens care in reducing this risk. 


Our concern about the safety of wearing these lenses beyond 7 days is based partly on a mul- 
ticenter study on ulcerative keratitis and contact lenses spensored by the Contact Lens Insti- 
tute (CLI) and conducted by Abt Associates Inc, of Cambridge, Mass, and the Massachusetts 
Eye and Ear Infirmary of Harvard Medical School. We commend the CLI for sponsoring this 
study and for making the results available. The principal findings of the CLI Spender study 
are as follows: 


e The annual incidence of ulcerative keratitis is estimated to be 20.9 per 10000 persons 
wearing cosmetic extended-wear soft contact lenses and 4.1 per 10000 persons wearing 
cosmetic daily-wear soft contact lenses. 

e The risk of ulcerative keratitis is 4 to 5 times greater for extended-wear contact ieni users 
than for daily-wear users. When daily-wear users who wear their lenses overnight and ex- 
tended-wear users who wear their lenses on a daily- wear basis are excluded from the com- 
parison, the risk among extended-wear users is 10 to 15 times greater than among daily- 
wear users. 

è The risk of ulcerative keratitis among daily-wear users 3 who wear their lenses overnight 
is 9 times greater than among those who do not wear chem overnight. : 

e The risk of ulcerative keratitis increases with increasing time intervals between removals 
for routine lens care, beginning with the first overnight ase. The longer the lenses are worn 

os before removal for cleaning and disinfecting, the greater the risk of ulcerative keratitis. 

eo |. e The risk of ulcerative keratitis may be reduced if patierts follow a recommended regimen 
ee of cleaning, rinsing, disinfecting, enzymatic cleaning, and lens case cleaning. This is par- 
ticularly important for users of extended-wear lenses. Yor either type lens, there i is some 
evidence suggesting that lens case cleaning may be especially important. 

e For either type of lens, the risk of ulcerative keratitis among smokers is estimated to be 
3 to 8 times greater than among nonsmokers. 


It is clear from these data that both wearing time and lens care affect the risk and that this 
relationship is complex. Because the data show that good lens care practices can have a large 
effect in reducing the risk, we do not believe that extended-wear lenses should be removed from 
the market. Although we cannot identify from the data a wearing interval that will eliminate 
the risk of ulcerative keratitis, it is clear that a 30-day wearing cycle is no longer acceptable 
and that wearing times should be reduced. We believe at this point that 7 days represents an 
easily remembered interval that promotes compliance and which, in conjunction with adequate 
lens care, would substantially reduce the risk of ulcerative xeratitis. In cooperation with eye- 
care professionals, we will continue to monitor the risk among wearers of various types of con- 
tact lenses and will take further action if indicated. 


We intend to work with eyecare professional associations in developing new iuao ma- 
terials to help instruct patients on the importance of proper contact lens care in preventing in- 
fections. These materials will include the T-day wearing time for extended wear lenses, warn- 
ings about wearing daily-wear lenses overnight and about the importance of proper lens care 
in reducing the risk of ulcerative keratitis, and a reminder that patients who smoke may be at 
increased risk for eye infections. 

If you have questions regarding this matter, please contai Richard E. Lippman, OD, FAAO, 
Director, Division of Ophthalmic Devices, 8757 Georgia AVES Room 440, HFZ-460, Silver Spring, 
MD 20910. 














Sincerely yours, 

JOHN C. VILLFORTH 

Director, Center for Devices 
and Radiological Health 

Food and Drug Administration 

Rockville, MD D wp 
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D. Kerman, M.D. 
New York, New York 
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On Call 


* CME. 

* Diagnostic Support. 
* Journals. 

* Drug Interactions. 
* News. 

* And, more. 




















As close as your own PC. 
For more information, call 
1-800-426-2873 


Information on Call 
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"count on us for cons ant quatit 
In more than decade of use, Pred Fortehas - -Pred Forte’. 


E Sinis urisurpássed efficacy in controlling post- 
- op inflammation. Today, it enjoys a reputation as - _ {prednisolone acetate) 1% 


_ the time-tested; trusted ophthalmic steroid. ` - sterile ophthalmic suspension 
And that’s not about to change. ss - M: ALLERCAN Wem den 5 
Please see adjacent page for brief summary IE [or c ne Eccc = = 
of preseribing intone | H = Teo OA | es eee A 


AN IMPORTANT REMINDE 


for all physicians receiving a 


PHYSICIANS’ PROFESSIONAL ACTIVITIES census form 


We want to make sure your official AMA record ts up-to-date and accurately reflects 
your current professional activities. 


If vou are among the U.S S. phy sicians receiving à Physic ians Professional Activities 
PPA’ census questionnaire itis because your rec ‘ord may nee d updating. It i5 v itally 
important that you í 'omplete and return your form...as soon as possible. 


By doing so, you ensure that your professional profile will appear accurately in the AMA 
Masterfile of all U.S. physicians. This information ts also used in distributing AMA 
professional and scientific information, and complimentary materials and journals from 
pharmaceutical companies. 


Keep your professional record accurate and up-to-date. Plan now to participate. When eS 


you receive your PPA census questionnaire in the mail, please respond promptly: 
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red Forte® Po : 
- (prednisolone acetate) 1.0% 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 
-- of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
. fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


- WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
. allergic-type reactions, including anaphylactic symptoms and life- 
. threatening or less severe asthmatic episodes in certain suscept- 

_ ible people The overall prevalence of sulfite sensitivity in the general 








. more frequently in asthmatic than in nonasthmatic people. 


: _ Inthose diseases causing thinning of the cornea, perforation has 
- been reported with the use of topical steroids. 

. Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
X involved. 

<- Acute purulent infections of the eye may be masked or enhanced 
_. by the use of topical steroids. 


~ Use of steroid medication in the presence of stromal herpes simplex 

. fequires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 

As fungal infections of the cornea have been reported coinciden- 


be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


. Use of topical corticosteroids may cause increased intraocular 
. pressure in certain individuals. This may result in damage to the 
- optic nerve, with defects in the visual fields. It is advisable that the 
- intraocular pressure be checked frequently. 


2 Posterior subcapsular cataract formation has been reported after 
: heavy or protracted use of topical ophthalmic corticosteroids. 


.- PRECAUTIONS: General: Patients with histories of herpes simplex 
. keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, impairment of fertility: No studies 
- have been conducted in animals or in humans to evaluate the 
potential of these effects. 


. Pregnancy Category C: Prednisolone has been shown to be ter- 
. atogenic in mice when given in doses HO times the human dose. 
. There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 

: Dexamethasone, hydrocortisone and prednisolone were ocularly 
. applied to both eyes of pregnant mice five times per day on days 
`. 10 through 13 of gestation. A significant increase in the incidence 
. Of cleft palate was observed in the fetuses of the treated mice. 


_ hot likely to have a deleterious effect on the infant. Nevertheless, 
- caution should be exercised when topical corticosteroids are ad- 
. -ministered to a nursing woman. 

. Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: Adverse reactions include increased intra- 
. ocular pressure, which may be associated with optic nerve damage 
. and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
. Qfed from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
temic side effects may occur rarely with extensive use of topical 
steroids. | 

= ALLERGAN PHARMACEUTICALS 

ao A Division o Allergan, inc, irvine, CA 92713 


. population is unknown and probably low. Sulfite sensitivity is seen _ 


tally with long-term local steroid applications, fungal invasion may - 





Kaiser Permanente-Northern - 

California seeks a BC/BE gen- 
eral ophthalmologist for the 
Sacramento facility. Subspe- 
cialty training in glaucoma or 
pediatric ophthalmology pre- 
ferred but not required. Present 
staff includes 13 ophthalmolo- 
gists and 16 optometrists serv- 
ing over 400,000 local members 
of our prepaid multispecialty 
group. Competitive salary and 
outstanding benefits. Send CV 
to: James E. Hine, M.D., Chief, 
Dept. of Ophthalmology, The 
Permanente Medical Group, 
Inc., 2025 Morse Ave., Sacra- 
mento, CA 95825. EOE 
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The Ochsner Clinic has 
expanded to a university 
community with a 
metropolitan population 
of 560,000 providing 
outstanding cultural 
opportunities. A position 
is available in a growing 
department of 
Ophthalmology. 

Fellowship training is 
desirable. Opportunities 
for clinical research. 
Candidates for 
consideration must have 
board certification/ 
eligibility and at least 
one of the following: 
Academic honors; 
Excellent rating in an 
outstanding training 
program; Demonstrated 
ability to provide 
a superior level of care. 
Interested individuals. 
should forward CV to: 
Charles M. Kantrow, Jr., M.D. 
16777 Medical Center Drive 
Baton Rouge, LA 70816 














You also don't have to overeat. Or consurae excess amounts 
of cholesterol. Or ignore high blood pressure. Or smoke. 
But that's what a large segment of this cot 
does. And that's one reason the United States has the 
highest incidence of heart attack in the world. 

At the American Heart Association. we're trying 
to help Americans change the way they live. And die. 
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When something is missing, 
it’s just not the same. 


No matter what they do, single-polymer tear supplements will always be missing 
something found in Tears Plus? Lubricant Ophthalmic Solution—a second polymer. 


Two polymers, not one, to provide comfort and help maintain the corneal and 
conjunctival health jeopardized by dry eye. 


One polymer is povidone (polyvinylpyrrolidone). Povidone, a wetting agent with 
mucin-like properties, helps coat the conjunctival surface. 


The other is Liquifilm® (polyvinyl alcohol 14%). Liquifilm provides prolonged 
surface contact time to sustain comfort. It has less of an effect on corneal 
epithelium regeneration than methylcellulose 0.5 % and isotonic saline.! Plus, 
Liquifilm offers instant wettability and stabilizes the precorneal tear film 
while helping to supplement mucin and fluid deficiencies. 1:2-3 

As a matter of fact, in contact angle testing, dual-polymer 
Tears Plus displayed the same wettability and contact angle as healthy - 
human tears.^ All of which makes — 


Tears Plus a little different. DUAL POLYMER TEARS 
And makes us brary 


“LERCAN Prat CEU TIC ALS 
And mal o IAN NW 
believe it might JUS EUM 
indeed be true. s eee [n 


Avera ebetter The Extra Polymer You May Be Missing. 


» 
anna i 
Y sterile 30mL 
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"Prohibition on Charges for Services of 
- Assistant Cataract Surgeons Upheld 


recent decision of the US Court of Appeals in 

- Washington, DC (“the DC Circuit") could have 

major implications for the role of government in 

| medical decision making. Specifically, in the case of 

= New York State Ophthalmological Society v Bowen; 

the court held that the constitutional "right of per- 

- gonal privacy" does not extend to a Medicare patient's 

interest in using private funds to pay for the services 

of an assistant surgeon during cataract surgery. It 

. therefore upheld a federal statute that makes it un- 

p . lawful for a physician to charge a Medicare patient 

. for the services of an assistant cataract surgeon 
AGAS) without prior government approval. 


BACKGROUND 


24 - Before 1987, Medicare reimbursed patients for the 
^ use of a CAS if such use was the “ ‘generally accepted 
procedure among ophthalmologists in the local 
community.’ "(59 However, based on the experi- 
ences of nine states in which regional carriers had 
restricted CAS reimbursement, the Health Care Fi- 
nancing Administration recommended the elimina- 
tion of "Medicare coverage for second surgeons in 
routine cataract operations" to avoid “ ‘unnecessary 
... and ineffective use of Medicare program funds.’ 7!) 
* However, in many regions, including major metro- 
= politan areas such as New York, NY, and Los Ange- 
-- les, Calif, the use of a CAS is widely favored by the 

-« medical community. 
Based on the report of the Health Care Financing 
Administration, Congress enacted Section 9307 of the 
, Consolidated Omnibus Budget Reconciliation Act of 
* 1985.2 Section 9307(a) provides that Medicare will not 
reimburse patients for a CAS unless the Medicare 
carrier or state peer review organization determines 
that such use is justified by a “complicating medical 
condition." Section 9307(c) goes much further, how- 
.  ever.Itimposes sanctions, including fines or exclusion 
.. from Medicare, against any physician who "know- 
ingly and willfully” bills Medicare patients for the 
services of a CAS without prior peer review organi- 
zation approval. In effect, it prevents Medicare pa- 
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| by Federal Court of Appeals 


tients from using their own money to pay for CAS 
services recommended by the attending physician 
unless such services are authorized by the govern- 
ment in advance, based on a known "complicating 
medical condition." x 

Two opkthalmological poderen along with sever: 
individual ophthalmologists and Medicare patient 
challenged the constitutionality of Section 9307(c 
These plaintiffs claimed that the statute infringes 0 
their exercise of constitutionally protected. privac 
and liberty rights insofar as its effect is to bar a 
Medicare patient from paying for the services of an 
assistant surgeon that the patient, in consultation 
with a physician, deems to be medically desirable. The 
plaintiffs also submitted expert affidavits in. support 
of the need for assistant surgeons during catara t 
surgery. These affidavits noted that in about 30 of 10 1000. 
cases, complications develop during cataract surger 
that require the assistance of another surgeon, and 
such complications could not have been predicted i 
advance based on a preexisting medical condition. Th 
plaintiffs contended that patients have a constit 
tional right to guard against this risk by havinga CA 
present, and that the statute infringes on this righ 

The diszrict court dismissed the plaintiffs’ claim : 
a matter of law based on the pleadings. The plaintit 
appealed zhe district court's ruling to the DC Circui 

On appeal, the plaintiffs argued that the constitu- 
tional rigat to privacy includes the right to make rea- 
sonable dacisions regarding one's own medical treat- 
ment in consultation with a physician—free from 
government intrusion. The plaintiffs drew support for 
their postion from several Supreme Court rulin, 
that had &ppeared to extend constitutional protection 
to mediezl decision making. These decisions include 








The plaintiffs did not argue that —— of pus 
bursemert for a CAS violated their constitution 


Assistant Cataract own 


hibits Medicare patients from using their own funds 
to reduce the risk of cataract surgery by obtaining the 
. services of a CAS. The plaintiffs argued that such in- 
- terference can only be justified by a compelling gov- 
© ernment interest in protecting life or health. Accord- 
. ing to the plaintiffs, the government made absolutely 
no attempt to defend Section 9307(c) on health 
< grounds. Instead, it relied solely on the economic sav- 
- ings that the statute was expected to produce for pa- 
. tients. 





HOLDING 


Ás a threshold matter, the US Court of Appeals 
. ruled that it could not determine the validity of the 
- plaintiffs’ due process/liberty claims before imple- 
 mentation of Section 9307(c). It therefore found these 
. elaims to be premature. However, a majority of the 
-= court did reach the merits on what it characterized as 
the plaintiffs’ privacy claims. 


































Unconstitutional Interference 


. The majority opinion, written by Judge Abner 
Mikva, initially concluded that if autonomy in medi- 
eal decision making were a constitutionally protected 
privacy interest, Section 9307(c) would be an uncon- 
| stitutional interference with that right. It specifically 
rejected the government's claims that any individual 
» patient can avoid the requirements of the statute by 
"obtaining an assistant surgeon through some 
method other than the normal one of paying him a fee 
for his services." 9*9 In the court's words, “As a 
- practical matter, most patients will be faced with the 
. Hobson's choice of foregoing the desired service or 
- relinquishing their Medicare benefits.” 
In reaching this conclusion, the court emphasized 
the difference between cases upholding the govern- 
. ment's right to refuse to fund a constitutionally pro- 
-tected activity, such as abortion, and those in which 
- the government improperly penalizes an individual 
. for engaging in a constitutionally protected activity 
- by withholding valuable benefits to which the indi- 
. vidual is otherwise entitled. The court ruled that Sec- 
- tion 9307(c) is analogous to the latter category of 
` cases. Consequently, it found that if patients have a 
- eonstitutional privacy right to obtain the services of 
a CAS, the challenged statute violates that right, ab- 
- sent some compelling justification. '?!35» 


Existence of a Protected Privacy Right 


. The court next addressed the core privacy issue. 
. The majority concluded, that the constitutional right 
. to privacy does not include the right to obtain the ser- 
. vices of a CAS free from government interference. In 
support of this holding, the court stated that the right 
| of privacy does not protect “all choices made by 
. patients and their physician" or subject to “ ‘strict 
.serutiny' all government interference with choice of 
medical treatment." 039 The majority found “no ba- 
.Sis under current privacy law for extending such 
-stringent protection to every decision bearing, how- 
-ever indirectly, on a person's health and physical 
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rights. Rather, they opposed the provision that pro- 








well-being. me) In reaching this eeu the a 
‘intimate,’ eo i and fundamental’ as the adi 
tional concerns of privacy jurisprudence." ! (589 

In the majority's view, the plaintiffs’ reliance on 
abortion cases was misplaced. According to the court: 
"The Constitution shelters the medical decision- 
making process in the context of abortion not because 
it is ‘medical,’ but as a means to the end of free repro- 
ductive self-determination or autonomy.” The 
court also was not persuaded by the plaintiffs’ reli- 
ance on previous privacy cases, holding that “these 
decisions do not present a coherent body of law jus- 


tifying the bold extension of privacy doctrine appel- 
lants recommend.” 0:3% 

The majority also noted its concern over the poten- 
tial breadth of the asserted privacy right. In Judge 
Mikva’s view, it was 
unclear what kinds of decisions appellants meant to include 
in the vague class of “medical decisions.” .. .[A]ppellants 
would have us accord a dizzying range of decisions the same 
high degree of solicitude now reserved for first trimester 
abortions. 0% 


The majority did not rule out, however, the possibil- 
ity that particular medical decisions could qualify for 
"constitutional privacy protection.» But, to state 
a successful privacy claim, a patient must first clearly 
demonstrate that the services are medically neces- 
sary and that no equally effective alternative treat- 
ment is available}! 

According to the majority, the plaintiffs failed to 
make a credible showing of medical necessity with 
respect to the use of a CAS. The court characterized 
the plaintiffs’ evidence in this regard as “unsupported 
expert opinion." !?» To prove medical necessity, the 
plaintiffs should have presented "objective scientific 
data, such as statistically sound epidemiological 
studies, demonstrating that surgeon assistance at 
cataract surgery is indispensable to patient well- 
being." /?*9? The majority further stated that “(t]he 
fact that many ophthalmologists in New York and 
California routinely operate with a second surgeon is 
not competent proof that a second surgeon is medi- 
cally necessary." !(»»13911392 

Coneurring in part and dissenting in part, Judge 
Stephen Williams would have dismissed all of the 
plaintiffs’ claims as premature.!»»9*19»2 However, he 
strongly dissented from the majority's attempt to 
condition the availability of constitutional protection 
for patient autonomy on a showing that the procedure 
under consideration is "medically necessary." He 
stated: x 


I most emphatically do not join the court in its suggestions 
that plaintiffs' autonomy claim can be validated only if they 
establish that the presence of the second surgeon in unap- 
proved cases is "necessary." (0595 


Soon after the three-judge panel issued its decision, 
the plaintiffs filed a petition for a rehearing before the 
full, 11-member Court of Appeals. The full court de- 
nied this petition on December 2, 19885 Judge 
Williams concurred in the denial of the petition, but 
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filed a separate statement that eart ed his position 







—A thatthe core legal issue was not ripe for review. Judge - 


Williams stated that, in his view, the initial decision 
does not represent “a holding of any kind of on .. . the 
scope of any constitutional limits on the federal gov- 
ernment's power to substantively obstruct patients' 
access to medical services that they reasonably deem 
valuable." 
^ On March 2, 1989, the plaintiffs filed a petition ask- 
EO ing the US Supreme Court to review the Court of Ap- 
— peals' decision. The court is expected to decide 
whether to hear the case by the end of June 1989. 


COMMENT 


The Court of Appeals can be faulted for overstating 
the scope of the issue before it. The plaintiffs did not 
seek, as the panel majority believed, to extend 

— . "stringent protection to every decision bearing, how- 
" ever indirectly [italics added], on a person's health 
- . and physical well-being."!?* Instead, the plaintiffs 
pur Sought protection for a specific class of surgical ser- 
vices that are unquestionably medical in nature and 
that bear directly on the extent of the health risks in 
— - surgery. The plaintiffs also did not assert “a blanket 
right to obtain without any government interference 
. .. every and any kind of treatment that might be avail- 
-> able and that a physician might recommend." !9j*| In 
fact, in their briefs, the plaintiffs acknowledged the 
legitimacy of government efforts to regulate and even 
.. ban medical procedures that pose a health hazard or 
KC unacceptable risk. 
... . Butthe government asserted no health-related ra- 
tionale i in support of the statutory prohibition on the 
se of CASs. Indeed, the government acknowledged 
hat the attendance of a CAS may be preferable in a 
= cataract operation. Nonetheless, without providing 
< any formal evidence, it took the highly paternalistic 
position that the private economie cost of a CAS is not 
worth the incremental benefit. By holding that the 
Constitution affords no protection to any patient 
treatment decisions other than those that are "indis- 
pensable to patient well-being" '?9?P.-not even to 
those involving procedures that may be medically 
preferable and that do not present any countervailing 
health risk—the majority has seriously devalued the 
‘historically protected right of patient autonomy in 
ee determining medical treatment. 
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- The decision | in New York Stai Ophtha 
 Boolety. *: Bowen! could have far eaching T 
consequences for physicians and their Medica 
tients. It invites further government inte 
with the physician-patient relationship. If the go 
ernment can prohibit a Medicare beneficiary : 
using his or her own funds to obtain the services 
CAS on the grounds that such services are not“ 
ficiently necessary," it would also seem to be free 
prevent patients from seeking other lawful pro 
dures and services that pose no serious health ris 
but are nonetheless deemed to be "insufficien 
consequential."!939 The majority opinion in this 
offers no principled mechanism for preventing. 
further interferences with the physician- -patient ] 
lationshi». E 
The decision also promises to produce considerable 
confusior for courts that attempt to apply its holdin 
The majerity does not rule out the possibility th 
some medical choices of sufficient consequence may 
deserve eonstitutional privacy protection. But, as 
Judge Williams suggests in his separate opinion, | 
majority offers no guidance as to how courts are su 
posed to determine when a procedure is sufficie 
necessary and the alternatives sufficiently una’ 
able so as “to merit a high level of protection fro 
governmental interference. "10139 Therefore, ab 
further c arification by the Supreme Court, the d 
sion in the case of New York State Ophthalmolog a 
Society v Bowen is likely to lead to a patchwork qu 
of inconsistent adjudication over the constitutiona 
status of patient autonomy. : 
ROBERT M. PORTMAN, Esq 
Sidley & Austin 
Chicago, Ill 
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Ocular Manifestations in Pediatric Patients 





With Acquired Immunodeficiency Syndrome 


Patrick J. Dennehy, MD; Roberto Warman, MD; John T. Flynn, MD; Gwendolyn B. Scott, MD; Mary T. Mastrucci, MD 


€ Forty pediatric patients seropositive 
or human immunodeficiency virus anti- 
body and conforming to Centers for Dis- 
ease Control, Atlanta, Ga, case definition 
`of acquired immunodeficiency syndrome 
underwent ophthalmic examinations to 
evaluate prospectively the incidence, 
ype, and natural history of ocular involve- 
1 ent in pediatric acquired immunodefi- 
ciency syndrome. A total of 87 examina- 
ions were performed on the patient pop- 
lation throughout the course of the study. 
Twenty percent had ocular findings, in- 
sluding two cases of cytomegalovirus ret- 
nitis, one case of isolated retinal cotton- 
fool spots, one case of toxoplasmosis 
etinochoroiditis, and three cases of ex- 
ernal infections of adnexal structures. 
One patient had unusual peripheral retinal 
indings. The incidence of ocular manifes- 
ations in pediatric acquired immunodefi- 
ncy syndrome is considerably less than 
eported in several adult series. However, 
ye recommend ophthalmic screening in all 
ediatric patients with acquired immuno- 
eficiency syndrome with encephalopathy 
disseminated opportunistic infections, 
r when symptoms suggest ophthalmic in- 
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P ediatric cases of acquired immuno- 

deficiency syndrome (AIDS) were 
first reported in 1982. As of November 
14, 1988, 1234 cases of AIDS in children 
under 13 years of age had been re- 
ported to the Centers for Disease Con- 
trol (CDC), Atlanta, Ga, representing 
1.6% of all AIDS cases reported since 
1981. The number of pediatric cases 
reported each year has steadily in- 
creased, and cumulative cases, by some 
predietions, may reach 10000 to 20 000 
by the year 1991. 

Pediatric and adult AIDS differ in 
mode of transmission of the virus, in- 
cubation period, and clinical course. 
Seventy-eight percent of the pediatric 
cases reported to the CDC were in- 
fected perinatally and 19% through 
transfusion of blood or blood products. 
This is in contrast to the transmission 
through sexual contact and intrave- 
nous drug abuse seen in 938% of adult 
cases. The incubation period in the pe- 
diatric group, although variable, can 
be quite short. While a small number 
of children can remain asymptomatic 
for several years following infection, 
the average age at onset of symptoms 
in perinatally infected infants is 9 
months. In neonates infected by early 
blood transfusion, symptoms begin at 
an average age of 14 months. Further- 
more, a more rapid deterioration can 
be seen in pediatric AIDS. Of children 
diagnosed under 1 year of age reported 
to the CDC, half died within 6 months 
of diagnosis. Of children diagnosed 
over age 1 year, half died within 20 
months.‘ 

It is not known if the ocular findings 
in pediatric AIDS differ from those 
seen in the adult series reported by 


several authors? Little information 
on the ocular findings in pediatric 
AIDS has appeared in the literature. 
This study was designed to evaluate 
the incidence, type, and natural his- 
tory of ocular problems in pediatric 
AIDS. 


PATIENTS AND METHODS 


Forty-two pediatric patients under the 
age of 13 years, seropositive for human im- 
munodeficiency virus (HIV) antibody, ad- 
mitted to the University of Miami (Fla)/ 
Jackson Memorial Hospital between No- 
vember 1986 and March 1988, underwent 
complete ophthalmic examination. Thirty- 
eight patients had a diagnosis of AIDS 
conforming to the CDC revised case 
definition. At the time of examination, 
four patients were HIV antibody seroposi- 
tive but were classified as having indeter- 
minate infection by CDC criteria. Of these 
four patients, all under the age of 15 
months, 1 manifested disseminated cy- 
tomegalovirus (CMV) infection in the first 
month of life and was confirmed as having 
AIDS by the presence of Kaposi’s sarcoma 
on autopsy. A second patient subsequently 
developed symptoms conforming to CDC 
criteria after the study. Two patients even- 
tually became HIV seronegative and were 
presumed to have had passive transfer of 
maternal HIV antibody without infection. 
They were excluded from the study. 


Of the 40 remaining patients with con- _ 


firmed AIDS, 21 were male and 19 were fe- 
male, with ages ranging from 1 month to 


5% years. The mean age at first examina-- 


tion was 23 months. Thirty-eight patients 
were. black, including. 18 Haitians, and 2 
were Hispanic. All patients were thought to 
have been infected perinatally by an HIV- 
seropositive mother. Thirty-five HIV-posi- 
tive mothers were verified by chart records. 
No cases were believed to be transfusion 
acquired. . 
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findings. of failure to thrive, generalized 
lymphadenopathy, or chronic diarrhea. 
Thirty-one patients had at least one oppor- 
tunistic infeetion, including 11 with Pneu- 
. mocystis carinii, 23 with candidiasis, 3 with 
. disseminated CMY, and 5 with herpes sim- 
- plex stomatitis. Eight patients had AIDS 
. encephalopathy, and 11 patients had lym- 
.. phoid interstitial pneumonitis. To date, 22 
patients are dead. 
Ophthalmic examinations were per- 
formed at the bedside and included visual 
acuity recorded as the ability to fix and fol- 
low a brightly colored toy with each eye, 
pupillary function, motility, external exam- 
ination, anterior segment examination 
with a handlight, and dilated fundus exam- 
ination with the indirect ophthalmoscope. 
All examinations were performed by two of 
us (P.J.D. and R.W.). Patients had subse- 
2 quent follow-up examinations at intervals 
;* | ranging from 2 weeks to several months 
depending on the clinical situation, or later 
on readmission to the hospital during the 
^ time frame of the study. A total of 87 oph- 
^. thalmie examinations were performed on 
j- the 40 patients, and 20 patients had 2 or 
....., More examinations during the course of the 
study. Ocular pathologic findings, although 
~~ not part of the protocol, were obtained on 2 
$77 patients. 





















RESULTS 


Clinical findings for each patient are 
summarized in Table 1. Eight (20% ) of 

. 40 patients had abnormal ocular ex- 
|. . amination results related to the AIDS 
-o disease process. Five patients (12%) 
= . demonstrated retinal disease, and 3 
—  . (1.595) had external infections of ad- 

nexal structures. 





Retinal Findings 


Two patients (5% ) had CMV retini- 
tis with a clinical appearance of en- 
larging areas of retinal thickening and 
inflammation, cotton-wool spots, hem- 
orrhage, and vitritis consistent with 
the description of the adult form of the 
disease. 
| The first case (patient 1) was seen in 

-a 2-week-old infant with disseminated 
:- CMV born to an HIV-seropositive drug 
- addict. On the first and only examina- 

-- tion, bilateral involvement was seen, 
and the infant died 2 weeks later de- 
spite treatment with dihydroxy- 
propoxymethyl guanine. Ocular patho- 
logie examination revealed retinitis 
with areas of necrotic degeneration 
and calcification. Multiple cells dem- 
onstrated intracytoplasmic and intra- 
nuclear eosinophilic inclusion bodies, 
and electron-microscopic studies 
showed multiple viral particles consis- 
tent with CMV. Autopsy revealed dis- 
seminated CMV infection involving 
the heart, lungs, kidneys, gastrointes- 
inal tract, and central nervous Sys- 
tem. Kaposi' s sarcoma of the angio- 
















)hthalmol— Vol 107, July 1989 


.82' patients had. nonspecific D 








Patient No. / Ocular Examinations 
Sex /Race/ 
Age at First Clinical Duration, m 

Examination, mo Findings Status No. mo Findings. l 

1/F/B/1 CMV, C, RBAC, XS Dead 1 P Bilateral CMV 

A : z retinitis 
Normal 
Normal 














































ETT, PCP. RBAC 
CMV, C, TOX 










2/M/H/1 
3/M/H/3 








4/F/B/3 FTT, LYM, C Alive x Normal 

5/M/H/3 FTT, LYM, C, REAC, Dead D Cotton-wool spots 
E, KS eS 

6/M/B/3 FTT, LYM, E, LIF, Dead 1 ... © Peripheral speckled . 
PCP, C dissem : . retinitis 


7/M/S/4 FTT, PCP, C Alive ' 15 č Normal 
8/F/B/5 FTT, D, E, C, REAC E Normal 
9/M/B/8 FTT, PCP Normai 
10/F /B/5 PCP, RBAC M. 
11/F/B/6 FTT, C Dead ... 5 Normal 
















12/F /H/7 FTT, LYM, D, E, Dead 4 Normal 
" LIP, PCP, TOX - 
13/F/H/8 FTT, D, E, PCP,. Alive 3 3 Normal 
C, RBAC 4 
14/M/B/8 — — LYM Alive 1 —À Normal 
15/M/H/ 12 PCP, RBAC Dead 1 P Normal 
16/M/H/13 FTT, C, RBAC Alive 2 5> Normal 
17 /M/H/13 LYM, D, E, CMV- Dead 8 6 Bilateral CMV 


C, RBAC 2 retinitis 
FTT, RBAC < Normal 
19/F/B/ 15 FTT, LYM, D, PGP, C Normal 
20/M/B/17 C, RBAC . 1 Normal 
21/M/H/20 RBAC Alive 8. Normal 
22/F/H/20 LIP, RBAC : . Normal 
23/M/B/23 FTT, E, C, RBAC Normal 


24/M/B/24 LYM, E, C dissen, Bilateral macular © 
BURK, KS TOX 


LYM, LIP, PCP, Normal 
RBAC 


C, MOLL 












18/M/B/ 14 




























25/M/B/28 






Normal 


26/F/B/29 i 
Preseptal cellulitis ` 


27/F/B/30 





























28/F/H/33 
29/F/B/36 
30/F/H/36 
31/M/H/37 
32/F/S/37 


FTT, LIP, RBAC 
FTT, LIP, HS, REAC 
FTT, LYM, LIP, MOLL 
FTT, D, C, RBAC 


FTT, D. PCP, C, 
RBAC 


FTT, LYM, RBAC 
D, C, RBAC 
LYM, LIP, C, HS: 
RBAC 
FTT, LYM, LIP, 
RBAC 


Normal 
Normal 
Adnexal MOLL 
Normal l 
Normal 



















Normai 
Normal 


33/M/B/38 
34/F/B/38 
35/M/H/44 




















36/M/H/48 











37 /F/H/51 FTT, LYM, C, HE, |... . Adnexal MOLL 
LIP, MOLL | : 

38/M/H/60 LYM, D, RBAC Alive 4 2 . Normal 

39/F/H/60 FTT, D, C, RBAG, Alive 2 10 .  Esotropia 


LIP, HS 







Normal 






40/F /B/68 


* AIDS indicates acquired a syndrome; B, black; CMV, disseminated cytomegalovirus; : >; 
candidiasis, oral or esophageal; RBAC, recurrent bacterial infections; KS, Kaposi's sarcoma; H, Haitian; FTT, 
failure to thrive; PCP, Pneumocystis carinit-oneumonia; TOX, toxoplasmosis; LYM, generalized lymphodenop- 
athy; E, encephalopathy; LIP, lymphoid interstitial pneumonitis; C dissem, disseminated candidiasis; S, Hispa 
ic; D, chronic diarrhea; BURK, Burkitt’ s lyrighoma; MOLL, molluscum oNtegiosum and HS, herpes stomatiti 















proliferative type was seen in the thy- of AIDS. Clinical manifestations in- 
mus and lymph nodes. | cluded chronic diarrhea, generalize 

The second case of CMV retinitis lymphadenopathy, oral candidiasi 
(patient 17) occurred in a 14-month- and acute encephalopathy with ert 
old male infant whose mother had died bellar involvement. Át age 13 m | 
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| Ocular involvement, % 56 50 
| Cotton-wool spots, 9c 44 25 





Hemorrhages, % 6 12 
CMV retinitis, % 6 12 
Conjunctival KS, % 0 0 
Cranial nerve palsy, % 0 0 
|. External infections, 96 0 0 














































ophthalmic examination revealed ocu- 
lar vertical flutter, but the fundus ex- 
amination result was normal. One 
month later, typical CMV retinitis was 
seen involving the inferior retina in 
the left eye, and 2 months later the 
right eye became involved. He later 
went on to develop a vitreous hemor- 
rhage and secondary glaucoma in the 
right eye and underwent a total of 
eight ophthalmic examinations until 
his death from bilateral bronchopneu- 
monia at age 19 months. Ocular patho- 
logic findings were similar to those in 
case 1. Autopsy confirmed dissemi- 
nated CMV infection involving the pul- 
monary, gastrointestinal, and central 
nervous systems. 

. Cotton-wool spots were seen in as- 
sociation with CMV retinitis, but only 
one patient (patient 5) manifested iso- 
lated retinal cotton-wool spots. This 
infant, with three siblings dead from 
AIDS, had a normal eye examination 
result at 3 months of age. At age 8 
months, he was noted to have a loss of 
the normal luster and light reflex from 
the nerve fiber layer bilaterally, with 
three cotton-wool spots noted perivas- 
cularly in the right eye and two in the 
left eye. No retinal hemorrhages or 
vitritis were present. Candidal esoph- 
agitis, lymphadenopathy, encephalop- 
athy, recurrent bacterial infections, 
and urine culture positive for CMV 
were part of his clinical course. The 
fundus findings remained unchanged 
through two additional examinations 
until his death at age 10 months from 
sepsis and bronchopneumonia. Au- 
topsy was significant for encephalitis 
characterized by microglial nodules 
containing multinucleated cells lo- 
cated in the cerebral cortex, basal 
ganglia, and brain stem. Ocular patho- 
logic examination was not performed. 
. Patient 6 had retinal findings of loss 
of luster of the nerve fiber layer com- 
bined with fine, reticular, deep retinal 
white dots evenly distributed in the 
peripheral retina anterior to the vas- 
cular arcades. These were much 
smaller than typieal cotton-wool spots 
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| Ocular Rosenberg Khadem Palestine Freeman Holland Present 
Involvement et al? et al’ et al^ et alf et af Series 
] No. of patients 18 8 40 26 30 40 






50 73 60 20 
27 35 53 8 
12 26 5 

25 15 26 5 
5 4 10 0 
8 8 0 0 
0 0 0 8 


* AIDS indicates acquired immunodeficiency syndrome; CMV, cytomegalovirus; and KS, Kaposi’s sarcoma. 


and not associated with retinal hem- 
orrhage or inflammation. Clinically, 
this 3-month-old infant had encephal- 
opathy, lymphoid interstitial pneu- 
monitis, P carinii pneumonia, and 
blood and urine culture positive for 
Candida species. The infant died sec- 
ondary to sepsis and respiratory in- 
sufficiency, and autopsy confirmed sys- 
temic candidiasis involving the pulmo- 
nary and central nervous systems. 

Patient 24 had normal visual devel- 
opment until a 5-day episode of dimin- 
ished visual behavior, combined with 
seizure activity, occurred at age 24 
months. Àn examination performed 2 
weeks later revealed central, steady 
fixation, no nystagmus, and the pres- 
ence of bilateral macular scars typical 
of inactive toxoplasmosis. À computed 
tomographic sean showed enhancing 
oecipital lesions, but a brain biopsy 
was nondiagnostic. Clinically, he man- 
ifested oral candidiasis, encephalopa- 
thy, and Burkitt's lymphoma of the 
left lung. He died 1 month later of sep- 
sis and respiratory insufficiency, and 
an autopsy revealed disseminated can- 
didiasis with microabscess formation 
in the brain and Kaposi’s sarcoma of 
the lymph nodes. Toxoplasma orga- 
nisms were not seen in any organ, al- 
though ocular pathologie study was 
not performed. 


External Findings 


Two patients (patients 30 and 37) 
had extensive infection with mollus- 
cum contagiosum unilaterally involv- 
ing both upper and lower eyelids with 
extension onto the cheek. A third pa- 
tient (patient 27) manifested a presep- 
tal cellulitis with culture positive for 
Staphylococcus aureus, which re- 
sponded to treatment with intrave- 
nous cefuroxime sodium (Ke Furox, Eli 
Lilly & Co, Indianapolis, Ind). 


Normal Examination Results 


Thirty-two patients had normal oc- 
ular examination results. These in- 
cluded 16 patients who had more than 
one examination during the course of 


the study. One patient (patient 31) had 











a maximum of eight eye examinations 
with normal results over 13 months 
until his death at age 51 months. 


COMMENT 


Pediatric AIDS differs distinctly 
from its adult counterpart. Seventy- 
eight percent of children acquiring the 
disease are infected perinatally, with 
evidence suggesting transplacental 
infection"? as well as postnatal trans- 
fer of the virus through breast milk.'*5 
Symptoms such as failure to thrive, 
diarrhea, generalized lymphadenopa- 
thy, and oral candidiasis are common 
in pediatrics and make early diagnosis 
of pediatric AIDS difficult. Severe and 
recurrent bacterial infections are ac- 
tually more common than opportunis- 
tic infections.* Lymphoid interstitial 
pneumonitis, not usually seen in adult 
AIDS, is a more frequent pulmonary 
complication in children with AIDS 
(41%) than P carinii pneumonia 
(3295)." Patients who present with 
lymphoid interstitial pneumonitis are 
older and have a lower mortality than 
those who present with opportunistic 
infections." Acquired immunodefi- 
ciency syndrome encephalopathy, car- 
diomyopathy, nephropathy, and he- 
patic disease exist in the pediatric 
form of the disease. Kaposi's sarcoma 
in children differs from that in adults, 
being located in the lymph nodes 
rather than in the skin. Last, the pos- 
sible existence of an HIV craniofacial 
dysmorphism in children would con- 
firm the intrauterine passage of the 
virus and would further distinguish 
this disease from the adult form. 

Little information on the ocular 
manifestations in pediatric AIDS has 
appeared in the literature. Kestelyn et 
al? reported a perivasculitis of the pe- 
ripheral retinal vessels in 6 of 10 Afri- 
can children with AIDS-related com- 
plex. However, in the same study, 8 
children with full-blown AIDS had 
normal ocular examination results. 
Marion et al* reported “mild upward 
or downward obliquity of the eyes" and 
"long palpebral fissures with blue 
sclerae" in their description of a possi- 
ble craniofacial dysmorphism in 20 in- 
fants and children with AIDS. 

This series presents a 2045 incidence 
of ocular manifestations in pediatrie 
AIDS. Table 2 summarizes the inci- 
dence of ocular manifestations re- 
ported in several series of adult pa- 
tients with AIDS. The incidence of oc- 
ular manifestations in pediatric AIDS 
is much lower than the range of 50% to 
73% seen in adults. The 8% incidence 
of cotton-wool spots is strikingly lower 
than the 25% to 53% shown in Table 2, 
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while the 5% incidence of CMV retini- 
tis in our hospitalized pediatric series 
is on the low end of the 6% to 26% 
range. These comparisons, however, 
must be made with caution, as several 
of the adult series involved selected 


ae rather than random patient popula- 
- tions. None of our patients manifested 


Kaposi’s sarcoma of the conjunctiva or 
cranial nerve palsies. No patients dem- 
onstrated the peripheral retinal 
perivasculitis described by Kestelyn et 
al? in African children with AIDS-re- 
lated complex. 

Although we sought to include pa- 
tients up to 13 years of age, the oldest 
patient examined was 68 months old. 
This most likely reflects the fact that 
all eases were perinatally acquired, 
combined with the high mortality seen 
in pediatric AIDS. It is interesting 
that all patients in our series with ret- 
inal findings were less than 2 years of 
age and that all had died by age 25 
months. In contrast, the ages of the 
three patients with external infections 
ranged from 30 months to 5 years. One 
died at age 4 years, and the other two 
are still living. The significance of this 
remains unclear. Two mortality peaks 
occur in pediatric AIDS. The first oc- 
curs at age 7 months, and the second 
between 2 and 3 years of age." Retinal 
findings in the young age group may 
represent further system involvement 
in this most serious and rapidly dete- 
riorating form of the disease. 

The two cases of CMV retinitis prob- 
ably differ in the manner of infection 
and may represent two subgroups of 
CMV infection in children with AIDS. 
Patient 1, manifesting bilateral CMV 
retinitis in the first month of life, had 
a congenitally acquired, disseminated 
CMV infection. This, combined with an 
HIV antibody seropositive result, does 
not conform to CDC criteria for an 
AIDS case, and further clinical crite- 
ria or virus cultured from tissue are 


4-. necessary to confirm the diagnosis. 


Patient 17, manifesting the retinitis at 
18 months, conforms to the CDC defi- 
nition of an AIDS case, and the natu- 
ral history of the retinitis parallels 
that seen in adults, with first one eye 
involved followed by the other. The 
clinical appearance of the retinitis in 
both eases, however, was similar. 
Although the overall incidence of 
CMV retinitis in our pediatric series is 
lower than that in adults, the appear- 
ance of retinitis in children with dis- 
seminated CMV infection is more fre- 
quent than that observed in adults. 


be _ Two of 3 patients (patients 1, 3, and 17) 


= with disseminated CMV in our series 
. developed CMV retinitis. Khadem et 


eee. al’ noted only 1 of 4 patients with dis- 


* 
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seminated CMV progressing to CMV 
retinitis; Holland et alë described 8 of 
22: and Freeman et al‘ described 2 of 9 
patients. 

Isolated retinal cotton-wool spots 
are commonly seen in adult AIDS but 
were rare in our pediatric series, oc- 
curring in only 1 patient. Although it is 
possible that transient isolated cotton- 
wool spots could have been missed be- 
cause of infrequent examinations, it 
should be noted that findings in 11 of 13 
patients undergoing three or more se- 
rial examinations were repeatedly 
normal. We can only speculate on the 
cause of this lower incidence. Kwok et 
al? attributed cotton-wool spots to P 
carinii cysts in the retina, yet neither 
Holland et alè nor Palestine et alf could 
identify any organism in cotton-wool 
spots by histologie examination, elec- 
tron microscopy, immunofluorescent 
techniques, or culture. Vasculitis from 
immune complex deposition and re- 
sulting endothelial cell damage has 
gained acceptance as the cause of cot- 
ton-wool spots and may predispose the 
retina to subsequent opportunistic in- 
fection with CMV.” Holland et al’ re- 
ported that cotton-wool spots preceded 
all cases of CMV retinitis in their adult 
AIDS series. However, in our series, 
patient 17 had a normal fundus exam- 
ination result 1 month before develop- 
ment of CMV retinitis, and patient 5 
manifested cotton-wool spots for three 
examinations until his death without 
the development of CMV retinitis. 
Nonetheless, isolated cotton-wool 
spots were a rare finding in our pedi- 
atric series and may be due to an 
altered immune response or lower in- 
cidence of vasculitis in AIDS in chil- 
dren. 

Central nervous system dysfunction 
in children with AIDS has been dem- 
onstrated in 50% to 90% of cases." 
Evidence suggesting that encephalop- 
athy results from active infection of 
the central nervous system with HIV 
includes localization of HIV antigen by 
immunohistochemical techniques in 
brain endothelial cells,” identification 
of viral particles within multinucle- 
ated cells and macrophages in the 
brain,’ and culture of HIV from 
brain tissue.?’* Since the eyes may be 
considered an extension of the CNS, it 
is not surprising that four of the eight 
patients in our series with encephal- 
opathy had retinal findings. This re- 
sults in an incidence of positive ocular 
findings in 50% of children with en- 
cephalopathy and suggests that 
screening of all children with AIDS 
with encephalopathy should be consid- 
ered. 

Central nervous system toxoplasmo- 


sis occurs in 30% of adult case 
AIDS and is thought to be reactivati 
of latent infection.” Ocular toxopl: 

mosis in adult AIDS, however, is cur- 
rently thought to result from newh 
acquired infection or from dissemina 
tion of organisms from nonocular: 
sites.” Patient 24 presented at age 24 - 
months with what appeared to be bi- 
lateral, inactive, macular toxoplasmo- - 
sis. The absence of nystagmus, hydro- 
cephalus, or calcifications in the brain: 
would support an acquired rather than | 
a congenital toxoplasmosis infection in - 
this case. | 

The cause of the loss of the usual. 
luster of the nerve fiber layer combined. 
with the peripheral reticular retinal. 
pattern in patient 6 remains unex-- 
plained. The white dots were smaller. 
than cotton-wool spots and did not 
have the fluffy appearance of candidi- 
asis or early CMV infection. No vitritis- 
or inflammation was seen. Clinically,- 
the infant had encephalopathy and. 
eandidemia, and the retinal findings 
might be compatible with a reticular. 
form of candidal chorioretinitis. Infec- . 
tion of the retina with HIV type 1 has. 
been documented" and may provide an 
alternative explanation for these reti- 
nal findings in this infant with concur- 
rent encephalopathy. However, a defi- | 
nite diagnosis in this patient cannot be- 
made in the absence of ocular patho- 
logic study. 

The large number of examinations - 
with normal results on children with 
AIDS despite severe clinical problems, 
combined with an overall reduced in- 
cidence of ocular manifestations when 
compared with adults with AIDS, sug- 
gests that extensive ophthalmic. 
screening of children with HIV anti- 
body seropositivity is unnecessary. 
Our observations do suggest that ex- 
aminations should be performed on all - 
patients with known encephalopathy 
or disseminated opportunistic infec- 
tions, or when clinical signs or symp- 
toms suggest ophthalmic problems. 


This study was sponsored in part by the Alex J. 
Weinstein Foundation Inc, New York, NY. 
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Disinfection of Goldmann Tonometers Against Human 





Immunodeficiency Virus Type 1 


s Jay S. Pepose, MD, PhD; Gerald Linette, PhD; Steven F. Lee, MD; Scott MacRae, MD 


u * Goldmann tonometer tips were inoc- 
ulated with 5 X 10° IU of cell-free or celi- 
associated human immunodeficiency vi- 
< -rus type 1 (lymphadenopathy virus type 1 
... isolate) or 10* plaque-forming units of 
. herpes simplex virus type 1 (McKrae 
strain) or type 2 (Hicks strain). In an effort 
to mimic a ‘‘worst case" clinical scenario, 
<. each respective virus was allowed to air 
y dry on the tonometer tip for 10 minutes. 
- Inoculated tonometers were then (1) not 
“treated, (2) wiped with a disposable (Kim- 
wipe) tissue or sterile gauze; (3) wiped 
with sterile gauze soaked with 3% hydro- 
gen peroxide; or (4) wiped with a 70% iso- 
D propyl alcohol swab. The hydrogen perox- 
ide treatment and the alcohol wipes both 
completely disinfected the tonometer tips 
for human immunodeficiency virus type 1 
and herpes simplex virus types 1 and 2, 
whereas wiping with a sterile gauze or tis- 
sue was not effective. Wiping the Gold- 
. . mann tonometer tip with an isopropy! al- 
-.. ¢ohol swab and then allowing the alcohol 
to evaporate provides a ready and effi- 
cient means of inactivating these three 
enveloped viruses. 
=. (Arch Ophthalmol. 1989; 1107:983-985) 
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he isolation of the human immuno- 

deficiency virus type 1 (HIV-1) from 
tears," conjunctiva, cornea, and 
contact lenses’ worn by patients with 
the acquired immunodeficiency syn- 
drome (AIDS) has raised concerns re- 
garding the possible transfer of viral 
infection in the course of routine oph- 
thalmologic examination. A majority 
of the 1.5 million HIV-seropositive in- 
dividuals in the United States are am- 
bulatory and asymptomatic. It is 
therefore not unlikely for the ophthal- 
mologist to examine HIV-seropositive 
patients in the office setting, with or 
without knowledge of their serologic 
or virologie status. In this study, we 
tested several protocols for disinfect- 
ing Goldmann tonometer tips against 
three enveloped viruses— HIV-1, 
herpes simplex virus (HSV) type 1, and 
HSV type 2, in experiments designed to 
mimic a “worst case” clinical scenario. 


MATERIALS AND METHODS 
Studies Using HIV-1 


The infectious titer of HIV-1 stock (lym- 
phadenopathy virus type 1 isolate) used in 
this study was approximately 10* IU/mL. 
Peripheral blood lymphocytes (PBLs) ob- 
tained from a single HIV-seronegative, 
healthy donor were used in this study. The 
PBLs (1 X 105/mL) were activated by incu- 
bation in RPMI 1640 media containing 0.1% 
phytohemagglutinin-P (DIFCO, Detroit, 
Mich), 10% fetal calf serum, and gentami- 
cin for 72 hours at 87°C in 5% carbon diox- 
ide. The cells were collected, washed, and 
infected for 2 hours with HIV-1 at a multi- 
plicity of infection of 0.05 at 37°C, 5% CO.. 
After incubation with the. Goldmann 
tonometer, PBLs were washed twice and 
maintained in RPMI 1640 media, with 10% 
fetal calf serum, 100 mmol/L of HEPES, 
10% interleukin 2 (Electronucleonies, Sil- 





































ver Spring, Md), and 10 neutralizing. unite 
per milliliter of anti-human interferon al- 
pha (Interferon Sciences, New Brunswick, 
NJ). On day 4 or 5 post incubation, cell 
were harvested and resuspended at 2 X 10’ 
cells per milliliter, and 0.5-mL aliquots 
were placed in wells of a 24-well plate. . 
Disinfection Protocol.—Used and new 
Goldmann tonometer tips were disinfected 
with 70% isopropyl alcohol and allowed to 
air dry. The tip of each tonometer was then 
submerged in 500 uL of cell-free HIV-1 or 
media containing HIV-infected PBLs for 10 
minutes at room temperature and was then 
air dried for 10 minutes. The tonometer: 
were then randomly assigned to one of four 
groups: (1) no treatment; (2) wipe with 
sterile gauze or disposable tissue; (8) wipe 
with sterile gauze soaked in 3% hydrogen 
peroxide; and (4) wipe with a 7096 isopropyl 
aleohol pad (American Hospital Supply, 
MeGaw Park, Ill). 
Assessment of HIV Disinfection.— Isolation 
Studies.—Following viral inoculation, 
tonometers in each of the four groups were 
allowed to air dry for an additional 10 mi 
utes at room temperature. Each tonometer 
tip was then incubated with 5 x 10° PBLsi in 
individual wells of a 24-well plate. The 
PBLs were obtained from a single healthy 
donor and were activated with phytohe- 
magglutinin-P, as described previously. Af 
ter incubation with the tonometer, PB 
were washed twice and maintained i 
plete media containing 10% int 
Cultures were routinely monitored for vi 
rus-induced cytopathic effects and were fed 
with fresh media every 3 to 4 days. At pe- 
riodic intervals, supernatants were assayed 
for reverse transcriptase activity and for 
HIV-1-specifie antigens, as described be- 
low. 
For secondary cultures, supernatants 
from each individual culture were pooled, 
filtered (045 um), and inoculatec 
with 5 x 10° phytohemagglutinin-activat 
PBLs. After a2-hour incubation, PBL 
washed and maintained in interleukin 








Tonometer Disinfection—Pepose et al 9 











nscriptase , Activity. Folowing Disinfection of Goldmann 
ae . Tonometer Tips* : ue 














3?6 Hydrogen 
Peroxide 


Sterile 
Gauze 


706 
4104 
9454 
15554 
16 472 






Days of No 
Culture Treatmentt 


510 
3150 
8995 
14 135 
15 453 
14934 
10044 
3918 
1561 
504 
| 30 371 413 295 313 

: < * HIV-1 indicates human immunodeficiency virus type 1. Results represent the average of duplicate samples 
‘at each point. Fifteen microliters of cell-free supernatant was assayed for reverse transcriptase activity using 


poly A- oligo dt with tritiated thymidine triphosphate. 
tNegative control, 242 cpm; positive control, 14 503 cpm. 
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ranscriptase Activity. and HIV-1 Antigen Capture Assays of 
| . Secondary Cultures* 






Days of No 
Culture Treatmentt 


5519 (0.680) 






Sterile 
Gauze 


3646 (0.668) 


3% Hydrogen 
Peroxide 


226 (<0. 150) 


70% isopropyl 
Alcohol 


288 (<0. 150) 



























6 16051 (> 1.00) 8780 (> 1.00) 209 (<0. 150) 195 (<Q. 150) 
9 18 125 (> 1.00) 15061 (21.00) 286 («0.150) 221 («0.150) 
12 13099 (> 1.00) 16 442 (7 1.00) 247 («0.150) 224 («0.150) 
15 6414 (> 1.00) 9892 (> 1.00) 253 (<0. 150) 246 (<0. 150} 
18 2375 (> 1.00) 4033 (> 1.00) 309 (<0. 150) 289 (<0. 150) 
21 1853 (0.632) 2147 (0.774) 279 («0.150) 273 (<0. 150) 














* HIV- 1 indicates human immunodeficiency virus type 1. Results represent the average of duplicate samples 
at each point. Fifteen microliters of cell-free supernatant was assayed for reverse transcriptase activity using 
poly A- oligo dt with tritiated thymidine triphosphate. Results of the p24 antigen capture assay, given in paren- 
theses, are optical density measurements at 492 nm. 

tNegative control, 248 cpm (0.120 optical density units); positive control, 19841 cpm (1.104 optical density 
unita). 







sin Disinfection of Goldmann Tonometers* 











No 
Treatment 


2 X 10° 7.5 X 10? 
1.8 X 10? 9.4 X 10° 


* HSV indicates herpes simplex virus (types 1 and 2). Values are residual plaque-forming units (PFU) of herpes 
i virus remaining on the Goldmann tonometer in each treatment group. The tonometer tips were initially inoculated 
n 10 PFU. Results are the average of viral titration performed in quadruplicate. 


3% Hydrogen 


Peroxide 70% Isopropyl Alcohol 





























. supplemented media at 37°C, 5% CO, for up Studies Using HSV 
- to 30 days. 

- . HIV-1 Detection Assays.—Fifteen micro- 
. liters of cell-free culture supernatant was 
. assayed for reversed transcriptase activity 
-using poly A-oligo (dt) and tritiated 
thymidine triphosphate as described by 
_ Folks et al? Culture supernatants were as- 
- sayed for HIV-specific antigen using the 
. antigen capture method of McDougal et al? 
< Antigen capture reagents were purchased 
. from Maryland Medical Laboratories, Bal- 
- timore, and the sensitivity of this assay was 
"approximately 25 pg of p24. Colorimetric 
-determination of culture supernatants 
was carried out using an MR 600 enzyme- 
linked immunosorbent assay reader 
(DYNATECH Laboratories Ine, Chantilly, 
Va), and data were expressed as optical 
~ density units. 


Ten microliters (10* plaque-forming 
units) of either HSV-1 (McKrae strain) or 
HSV-2 (Hicks strain) was allowed to incu- 
bate on the Goldmann tonometer tips for 10 
minutes at room temperature.The tonome- 
ters were divided into the same four treat- 
ment groups described earlier for HIV-1 
disinfection. The tonometers were then al- 
lowed to air dry for 10 minutes at room 
temperature. The tonometer tips were then 
immersed into 1 mL of Hanks' balanced salt 
solution with 10% fetal calf serum. Tenfold 
dilutions were prepared and 20 uL of the 
undiluted and diluted inocula were pipetted 
onto (Vero) cell monolayers maintained on 
60 X 15-mm microtiter plates at 37°C. The 
plates were rotated every 15 minutes for 1 
hour. The media were replaced with an 
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overlay 








of Hanks' "balanced salt solution, - 

% fetal calf serum, and 0. 3% pooled hu- 
man gamma globulin (Miles Laboratories, 
Elkhart, Ind). Monolayers were monitored 
for cytopathic effects and after 72 hours 
were stained with 1% trypan blue. Plaques 
were counted under biomicroscopic obser- 
vation. 


RESULTS 
Disinfection of Goldmann 
Tonometers Against HIV-1 


The results of a representative ex- 
periment are given in Table 1. The hy- 
drogen peroxide and isopropyl alcohol 
treatments were both effective in dis- 
infecting the tonometer tips against 
cell-associated and cell-free HIV-1. In 
contrast, wiping the tip with a sterile 
gauze or tissue (or no treatment) was 
not effective. The results of reverse 
transcriptase assays and HIV-antigen 
capture assays of the secondary cul- 
tures from the same experiment are 
given in Table 2. Results with used or 
new tonometer tips were similar. 


Disinfection of Goldmann 
Tonometers Against HSV 


As shown in Table 3, the hydrogen 
peroxide and isopropyl aleohol swabs 
were both effective means of disinfect- 
ing the tonometers against HSV-1 and 
HSV-2. Wiping with sterile gauze or 
tissues (or no treatment) was not ef- 
feetive. No differences were noted in 
disinfecting new or used tonometers. 


COMMENT 


The isolation of HIV in 5 of 16 tear 
samples from patients with AIDS or 
AIDS-related complex raised serious 
concerns regarding the possible trans- 
mission of HIV in ophthalmic 
practice.’ Similarly, HIV has been re- 
covered from high-water-content soft 
contact lenses in 4 of 6 patients 
tested with AIDS or AIDS-related 
complex.’ One of the patients with 
AIDS-related complex was female, il- 
lustrating that patients of either sex 
may harbor this retrovirus on the oc- 
ular surface. 

To date, there are no reports of HIV 
transmission in the practice of oph- 
thalmology. This may relate to the 
very low viral inoculum present in 


bodily secretion, such as saliva and, 


tears.? In addition, several studies 
have demonstrated the lack of trans- 
mission of HIV to nonsexual household 
contacts of HIV-seropositive patients 
despite kissing and sharing glasses, 
eating utensils, bathtub, shower, and 
toilet.'^ Nevertheless, it is both pru- 
dent and proper medical practice to 
disinfect ophthalmic instruments that 
come into direct patient contact. The 
American Academy of Ophthalmology 


Tonometer Disinfection—Pepose et al- 


4 





and the Contact Lens Association ‘of 


p Ophthalmologists have recently out- 








lined detailed recommendations to 
prevent the possible transmission of 
HIV infection in the practice of 


= ophthalmology.” However, several of 
^. the suggestions, such as the specific 
= means to disinfect tonometers and 
==>. other ophthalmic instruments, have 
^". been based on general guidelines from 


the Centers for Disease Control, At- 
lanta, Ga, and have not yet been 
tested directly. 

In this study, we have clearly dem- 
onstrated that 3% hydrogen peroxide 
or 70% isopropyl! alcohol swabs both 
provide an effective means of disinfect- 
ing Goldmann tonometer tips against 
three enveloped viruses— HIV, HSV-1, 
and HSV-2. This confirms and expands 
on the report of Ventura and Dix,’ who 
showed that HSV could be recovered 

. from inoculated applanation tonome- 
ters for up to 2 hours after drying and 
that 70% isopropyl alcohol efficiently 
disinfected Goldmann tonometers 
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against HSV-1. Other in vitro studies 


have shown that isopropyl alcohol and 
3% hydrogen peroxide are effective 
means to disinfect HIV,'*'5 which is 
among the most easily inactivated vi- 
ruses. Craven et al? demonstrated that 
3% hydrogen peroxide and 70% iso- 
propyl alcohol will also inactivate ad- 
enovirus type 8 on Goldmann tonome- 
ters. This was a particularly reassur- 
ing observation because in general, the 
smaller non-lipid-containing viruses, 
such as adenoviruses (which do not 
harbor a surrounding lipid envelope), 
are more resistant to chemical disin- 
fectants than are the larger, lipid-con- 
taining, enveloped viruses? (eg, herpes 
simplex, varicella zoster, eytomegalo- 
virus, and HIV). Hepatitis B surface 
antigen has been found in tears? ? and 
emulsified corneal tissues.” Studies 
have demonstrated that 70% isopropyl 
alcohol also inactivates hepatitis B 
virus.” These cumulative data indicate 
that either 3% hydrogen peroxide” or 
commercially available 70% isopropyl 
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alcohol duos will provide i ama 
safety in inactivating a variety of CC 
mon ocular viral pathogens and rer 
sent a ready and efficient means 
disinfecting Goldmann tonometers 
Whereas we did not see damage 
the plastic of the Goldmann tonom 
ters after repeated disinfection with 
these two reagents, it should be note 
that only the tip itself need be treate 
Application of the isopropyl alcohol 
rode 

the degree markings that are usefuli n 
taking pressures in patients with sig- 
nificant astigmatism. In addition; fai 
ure to wait for the isopropyl alcoho LO 
air dry or to rinse off the 3% hydro; n 
peroxide before applanation may lead 
to iatrogenic corneal lesions ranging 
from deepithelialization" to subse- 
quent corneal opacification. 
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s . We conducted a retrospective analy- 
sis. ot Q-switched neodymium-YAG laser 
capsulotomies performed in 122 eyes be- 
veen April 1984 and June 1987. Retinal 
omplications. occurred in 3 (2.5%) of 121 
eyes followed up for 1 year and in 2 (3.6%) 
of 55 eyes followed up for 2 years. Four 
eyes developed rhegmatogenous retinal 
detachments and 1 developed an acute 
symptomatic retinal tear. No patients de- 
veloped clinical cystoid macular edema 
(visual acuity 20/30 or worse). These ret- 
inal complications were significantly cor- 
related with axial myopia, preexisting vit- 
i eoretinal disease, male gender, younger 
age, vitreous prolapse into the anterior 
chamber, and spontaneous extension of 
the capsulotomy. 

-. (Arch Ophthalmol. 1989;107:986-990) 





Orca of the posterior capsule 
~ js the most common complication 
of A CREER. cataract surgery. 
Sterling and Wood! reported an inci- 
dence of up to 29% 3 years after extra- 
capsular surgery with posterior cham- 
ber lens implantation. The neody- 
mium (Nd)-YAG laser has simplified 
management of posterior capsular 
opacification; however, laser capsulot- 
ny is associated with numerous com- 
plications, including transient or sus- 
tained increase in intraocular pres- 
sure, pitting | and dislocation of the 
intraocular - lens, cystoid macular 
edema, and retinal tears and 
detachment.” xn. Factors postulated as 
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.Xial Myopia Increases the Risk of Retinal Complications 
After Neodymium-YAG Laser Posterior Capsulotomy 


Douglas D. Koch, MD; John F. Liu, MD; E. Patricia Gill, MD; David W. Parke II, MD 


pia, preexisting vitreous or retinal dis- 
ease, and a history of retinal detach- 
ment in the fellow eye.* We had noted 
asurprisingly high incidence of retinal 
complications following laser capsulo- 
tomy and, therefore, retrospectively 
examined the risk factors predisposing 
to retinal complications. 


PATIENTS AND METHODS 


We retrospectively reviewed 141 consec- 
utive Nd-YAG laser capsulotomies per- 
formed by one surgeon (D.D.K.) between 
April 1984 and June 1987. Of these, 122 eyes 
of 102 patients (8795) followed up for 6 
months or more after capsulotomy were in- 
cluded in the study; the remaining 19 eyes 
were excluded owing to poor follow-up. The 
patient population characteristies are sum- 
marized in Table 1. 

One-hundred eleven eyes (91% ) had pre- 
viously undergone uncomplicated extracap- 
sular cataract extraction, whereas 11 (9%) 
had undergone phacoemulsification. Five 
eyes were aphakic, and the remainder re- 


























ceived J- or C-loop, three-piece, planocon- 
vex posterior chamber lenses with 10? an- 
gulation of the hapties; these were im- 
planted with the plane surface posterior. 
All but three lenses were implanted into the 
ciliary sulcus. Thirteen eyes had preexist- 
ing retinal disease identified before cata- 
ract surgery, including myopic degenera- 
tive changes, lattice degeneration, or reti- 
nal breaks. Each patient was either treated 
(six patients) or cleared by retinal special- 
ists before cataract surgery and again be- 
fore Nd-YAG capsulotomy. Cryoretinopexy 
was performed in 4 eyes for lattice degen- 
eration and in 1 eye for a retinal break; 1 eye 
had argon laser photocoagulation for lat- 
tice. All patients had a careful peripheral 
retinal examination before Nd-~YAG capsu- 
lotomy, using indirect ophthalmoscopy and 
(when appropriate) scleral depression. The 
mean interval from cataract surgery to la- 
ser capsulotomy was 27 months (range, 3 to 
124 months). 

All capsulotomies were performed with 
the LASAG Q-switched Mieroruptor MR-2 
Nd-YAG laser set at one pulse per burst. 


Characteristic | Value 


M 
F 
Age, y, mean (range) 
Axial length, mm, mean Mob M 
5o Surgery, No. (96) OMEN 
Planned beeen 
Phacoemulsification 
-> Intraocular lens status, No. (95) - 
Aphakic 
Planoconvex posterior chamber 
Preexisting vitreoretinal disease, No. (96) 
Lattice 
Myopic staphyloma 
Retinal holes 


Interval from cataract surgery to ooo ena: mean (range) 


| Capsulotomy contiguration; No. (5) — 
Circular 
Cruciate 

Power utilized, millijoules, mean (range) 
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35 (34) 

67 (66) 

66 (10-92) 

24.10 (21.15-30.27) 


111 (91) 


5 (4) 

117 (96) 
13 (11) 

10 (8.2) 

2 (1.6) 

1 (0.8) 

27 (3-124) 


84 (69) 
52 (9.6-270) 





* 











Ww. 


Fig 1.— Configurations of neodymium-YAG posterior capsulotomies in this study. Left, Circular. Right, Cruciate. 


For pseudophakic eyes, the laser was retro- 
focused approximately 0.3 mm to minimize 
intraocular lens pitting. 

Circular capsulotomies were performed 
in the first 38 eyes (31% ), and cruciate cap- 
sulotomies were performed in the last 84 
eyes (69% ). The circular capsulotomy was 
performed by making small perforations 
around the periphery of the desired open- 
ing, leaving a small inferior tag that re- 
tracted afterward to complete the capsular 
opening (Fig 1). The cruciate capsulotomy 
was created by first directing the beam ver- 
tically from the 12-o'clock to the 6-o'clock 
position and then horizontally from the 3- 
o'clock to the 9-o'clock position (Fig 1). The 
mean energy required to create an adequate 
capsulotomy was 52 millijoules (mJ) 
(range, 9.6 to 270 mJ). 

Using the binomial test for equality of 
proportions, we analyzed potential risk fac- 
tors predisposing to retinal detachment: 
axial length, preexisting vitreoretinal dis- 
ease, gender, age, interval from surgery to 
capsulotomy, capsulotomy configuration, 
laser power utilized, vitreous prolapse fol- 
lowing capsulotomy, and spontaneous cap- 
sulotomy extension. 


RESULTS 
Five (4.1% ) of the 122 eyes developed 


retinal complications after capsulot- 
omy: 4clinical retinal detachments and 


*] acute, symptomatic horseshoe tear, 


all in pseudophakic eyes (Table 2). One 
detachment occurred in the first 6 
months following capsulotomy (0.8% ), 
] retinal detachment and the retinal 
tear occurred between 6 and 12 months 
(1.7925), and 2 retinal detachments oc- 
curred between 12 and 24 months (3.656 ; 
Table 3). Patient 1 had no preexisting 
retinal disease noted. Two months fol- 
lowing capsulotomy, he noticed a loss of 
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his nasal visual field with a drop in vi- 
sual acuity (to 20/40). Examination re- 
vealed a superotemporal retinal de- 
tachment involving the macula with a 
horseshoe tear at the 11-o'clock posi- 
tion. After two scleral buckling proce- 
dures and vitrectomy for vitreoretinal 
traction (performed elsewhere), the 
retina was successfully reattached. Fi- 
nal visual acuity was 20/25. 

Patient 2 had no preexisting retinal 
disease noted. Six months following 
capsulotomy, he experienced sudden 
loss of vision (to counting fingers) with 
a superotemporal retinal detachment 
involving the macula and a horseshoe 
tear at the 10:30 position. Scleral buck- 
ling resulted in a final visual acuity of 
20/25. 

Patient 3 had undergone preopera- 
tive inferior cryoretinopexy elsewhere 
for lattice degeneration without holes. 
Nine months following capsulotomy, 
he complained of the sudden onset of 
floaters. Examination showed a horse- 
shoe tear at the 3-o'clock position with 
a posterior vitreous detachment and 
vitreous traction on the flap. This eye 
underwent successful cryoretinopexy 
with preservation of 20/20 visual acu- 
ity. 

Patient 4 had no preexisting retinal 
disease noted. Twenty months follow- 
ing capsulotomy, she noticed a de- 
crease in visual acuity (to 20/40) dur- 
ing a 2-month period. Examination re- 
vealed a bullous retinal detachment 
from the 3-o'clock to the 12-o'clock po- 
sition; the fovea remained attached. A 
small retinal break was identified 
at the 11-o'clock position. Following 
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scleral buckling, final visual acuity was 
20/20. 

Patient 5 preoperatively had infe- 
rior lattice degeneration without holes 
that was not treated. Twenty-two 
months following capsulotomy, he de- 
veloped sudden loss of vision (to count- 
ing fingers). There was a superior 
horseshoe tear and associated retinal 
detachment involving the macula. Fol- 
lowing scleral buckling (performed 
elsewhere), the eye developed prolifer- 
ative vitreretinopathy and remained 
detached. Final visual acuity was hand 
motion. 

No eyes developed clinical cystoid 
macular edema (visual acuity of 20/30 
or worse and biomicroscopic or angio- 
graphic macular edema). The five eyes 
with retinal complications had a mean 
axial length of 25.3 mm (range, 24.24 to 
26.15 mm), whereas the mean axial 
length in the entire study population 
was 24.1 mm (range, 21.15 to 30.27 
mm). Long axial length was signifi- 
cantly correlated with the develop- 
ment of retinal complications 
(P < .05). There were no retinal com- 
plications in eyes with axial lengths of 
24 mm or less or 27 mm or more (Fig 
2), although there were only five eyes 
in the latter group. 

Two of the 13 eyes with preexisting 
vitreoretinal disease developed retinal 
complications. There was a statisti- 
cally significant correlation between 
preexisting vitreoretinal disease and 
retinal complications (P « .05). 

Four of the five patients who devel- 
oped the retinal complications were 
male. Male gender and retinal compli- 
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cations were statistically correlated 
(P < .05). 

The mean age of the patients with 
vitreoretinal complications was 60 
years. Age below the mean of 66 years 
was statistically correlated with reti- 
nal complications (P « .05). 

Vitreous prolapse into the anterior 
chamber occurred in 19 eyes (16%). 
Three of these eyes developed retinal 
detachments, and vitreous prolapse 
and retinal complications were statis- 
tically correlated (P « .05). 

Spontaneous extension or enlarge- 
ment of the capsulotomy occurred in 
nine eyes (7.4%; Fig 3); in eight of 
these, there was also vitreous prolapse. 
Capsulotomy extension was signifi- 
cantly associated with an increased 
risk of both vitreous prolapse and ret- 
inal complications (P < .05). Retinal 
complications were not statistically 
correlated with capsulotomy configu- 
‘ration, laser power utilized, or interval 
between surgery and capsulotomy. 


COMMENT 


One of the reported advantages of 
extracapsular cataract extraction is a 
low incidence of retinal complications. 
. In a 10-year prospective study of 842 
eyes, Coonan et al" reported an overall 
incidence of retinal detachment of 
: 1.4976, with an incidence of 0.8% in un- 
complicated cases (373 eyes, intact pos- 
-terior capsule, mean follow-up of 32.2 
months) Smith and associates" re- 
ported similar results with a detach- 
ment rate of 1.7% in 2330 cases fol- 
-lowed up for 1 year after extracapsular 
-cataract extraction with posterior 
-chamber lens implantation. 

The risk of retinal detachment in- 
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creases if the posterior capsule is 
opened either at surgery or as a sec- 
ondary procedure. Coonan et al" re- 
ported incidences of 3.2% after second- 
ary Nd-YAG capsulotomy and 2.3% 
after primary knife discission, rates 
three times higher than when the pos- 
terior capsule was left intact. Smith et 
al? also found that intraoperative pos- 
terior capsular tears significantly cor- 
related with the occurrence of retinal 
detachment. The reported incidence of 
retinal detachment after Nd-YAG 
capsulotomy is 0.17% to 3.2%; after 
primary knife discission, 2.3% to 3.1%; 
and after secondary knife discission, 
2 395 to 6.1% “ss 12117 ld 
We found an incidence of retinal 
tears and detachment of 2.596 in eyes 
followed up for 1 year and 3.6% in eyes 
followed up for 2 years following Nd- 
YAG posterior capsulotomy. In our 
patient group, the factors associated 
with an increased risk of retinal com- 
plications were increased axial length, 
preexisting vitreoretinal disease, male 
gender, younger age, vitreous prolapse 
into the anterior chamber, and spon- 
taneous extension of the capsulotomy. 
Several studies have shown that my- 
opic eyes are at increased risk of reti- 
nal complications following cataract 
surgery,^!*? Retinal detachment has 
been reported in 5.7% to 11.1% of my- 
opic eyes following intracapsular cat- 
aract extraction'*"'~ and in 0.66% to 
2.2% of myopic eyes with intact poste- 
rior capsules following extracapsular 
extraction. ^ However, the apparent 
protective effect of extracapsular ex- 
traction in high myopes may be lost 
following posterior  capsulotomy. 
Armstrong and Lichtenstein? re- 


curred in 40 axially myopie eyes that 
had undergone extracapsular cataract 
extraction with posterior chamber 
lens implantation; 2 of these eyes had 
sustained intraoperative posterior 
capsular rents. Percival” reported 
that 3 of 40 axially myopic eyes devel- 
oped retinal detachments following 
planned extracapsular cataract ex- 
traction; all 3 occurred following sur- 
gical posterior capsulotomy. 

We believe that Nd-YAG posterior 
capsulotomy similarly predisposes 
myopic pseudophakic eyes to retinal 
tears and detachment. Ficker et al" 
noted refractive myopia in 9 of 12 eyes 
that developed retinal detachment fol- 
lowing Nd-YAG capsulotomy. In our 
series, the incidence of retinal detach- 
ment in eyes of axial length 25 mm or 
greater was 10%, which is in the range 
of the intracapsular rates; there were 
no retinal complications in eyes with 
axial lengths 24 mm or less (Fig 2). The 
major factors that predispose the my- 
opic eye to retinal detachment are 
preexisting vitreoretinal disease and 
abnormal vitreoretinal adhesions. 

Two of the 13 eyes with identified 
preexisting vitreoretinal disease de- 
veloped retinal complications. Both of 
these eyes were axially myopic. Either 
or both of these factors could have 
predisposed these eyes to the retinal 
complications. It is notable that one of 
these two eyes had been prophylacti- 
cally treated with eryoretinopexy, and 
both had been cleared for laser capsu- 
lotomy by vitreoretinal specialists. 
This is consistent with prior observa- 
tions that, in eyes with preexisting 
retinal breaks, retinal detachment is 
frequently caused by new retinal 
breaks in areas of untreated retina.” 
In a recent review of phakic eyes with 
lattice, Folk et al” found that prophy- 
lactic treatment had no effect on de- 
tachment rates in phakie eyes that had 
6.0 diopters or more of myopia and that 
were fellow eyes of patients with 
phakic lattice detachments. 

We found that retinal complications 
and male gender were statistically eor- 
related, as several investigators have 
reported.^'"7* One possible explana- 
tion is that there is a higher incidence, 
of axial myopia among males, which 
smith et al? have previously noted. In 
our series, 63% of the male eyes had 
axial lengths greater than 24 mm and 
34% measured greater than 25 mm. 
Among the female eyes, these percent- 
ages were 4476 and 1045, respectively. 
However, axial myopia is probably not 
the sole explanation for the higher in- 
cidence of retinal complications 
among males, since among long eyes 
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Fig 2.— Distribution of retinal complications according to axial length. 





Fig 3.— Spontaneous inferior extension of cruciate capsulotomy that was noted 4 weeks follow- 
ing neodymium-YAG capsulotomy. 


(>24 mm) the complication rate was 
still higher for males (17% ) than for 
females (3% ). 

Age younger than the mean of 66 
years was also correlated with an in- 
creased incidence of retinal complica- 
tions, an association that also has been 
previously noted by others.^'* This 
again may be in part due to a higher 
incidence of long eyes among younger 
patients, since myopic eyes develop 
cataracts at a younger age. Among our 
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patients younger than 66 years old, 
62% had axial lengths greater than 24 
mm and 27% measured greater than 
25 mm. Among patients 66 years old or 
older, these percentages were 43% and 
11%, respectively. Again, however, it 
is unlikely that axial length is the sole 
explanation, since all of our complica- 
tions occurred in patients at or below 
the mean age of the overall group. 
Vitreous prolapse into the anterior 
chamber occurred in 16% of the eyes in 


this series; this prolapse was unavoid- 
able in  aphakic eyes, and in 
pseudophakic eyes it occurred either 
through lens positioning holes or 
around the lens optic. Previous au- 
thors have noted an association be- 
tween vitreous prolapse and retinal 
detachment,^*'? and we found a statis- 
tically significant correlation among 
our patients. It is likely that anterior 
displacement of the vitreous increases 
retinal traction, predisposing to reti- 
nal breaks and retinal detachments. 

Nine eyes developed spontaneous ex- 
tension of the capsulotomy at a variety 
of intervals following treatment. Clay- 
man and Jaffe" had first reported this 
and noted intraocular lens dislocation 
in one eye that had undergone sponta- 
neous enlargement of the capsuloto- 
my. Eight of the nine eyes developed 
vitreous prolapse into the anterior 
chamber. It seems plausible that cap- 
sulotomy extension predisposes to ret- 
inal complications by facilitating vit- 
reous prolapse into the anterior cham- 
ber. However, in our series, of the two 
eyes with spontaneous extension that 
developed retinal complications, only 
one had vitreous prolapse. Perhaps a 
larger capsulotomy hastens the pro- 
cess of vitreous syneresis, leading to 
earlier posterior vitreous detachment, 
retinal traction, and retinal breaks. 

Capsulotomy extension was not sta- 
tistically associated with either the 
capsulotomy configuration or the 
amount of laser power delivered. The 
spontaneous extension obviously oc- 
curs because of ongoing force or trac- 
tion on the capsule, either by the lens 
implant or from zonular-capsular con- 
traction. Tears seem to occur at cor- 
ners; these tears are extensions of the 
original tears made during the capsu- 
lotomy. Further work is required to 
determine if these extensions can be 
avolded by modifying the size, config- 
uration, or mechanism of creating the 
capsulotomy. 

The power delivered was not a risk 
factor in this series. A mean total en- 
ergy of 52 mJ was required in this pa- 
tient group, which is much lower than 
that reported by Keates et al^ (101 mJ), 
Stark et al’ (140 mJ), Ober et al’ (114 
mJ), and Winslow and Taylor? (154 
mJ). 

We performed an exploratory anal- 
ysis to identify high-risk subsets in our 
patient population. As previously 
noted, complications occurred only in 
eyes with axial lengths greater than 24 
mm. The incidence of retinal compli- 
cations in patients under age 66 years 
with axial lengths greater than 24 mm 
was 9%, 6 times greater than that 
found in the remainder of the group. 
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of males with axial lengths greater 
. than 24 mm; the incidence of retinal 
. complications in this group was 17%, 
| 1T: times greater than in the other pa- 
tients. If we further refine this group 
by looking only at eyes with vitreous 
prolapse (only six eyes), the incidence 
of retinal complications was 50%, 
which was 25 times greater than the 
` incidence in the other patients. In our 
. series, therefore, axial myopia, male 
gender, and vitreous prolapse were the 
. worst combination of risk factors for 
. developing retinal complications. 

One critical issue is to determine if 
the use of the Nd-Y AG laser for poste- 
rior capsulotomy specifically predis- 
poses patients to retinal complica- 
tions. Direct physical trauma to the 
. vitreous body by the laser's acoustical 
shock wave could lead to chemical and 
- physical changes within the vitreous 
- that increase vitreoretinal traction. 
- Lerman et al" found significant de- 
- creases in vitreous viscosity in rabbit 
and monkey eyes following Nd-YAG 
laser irradiation to the posterior lens 
: capsule or midvitreous area. 

Other data, however, suggest that 
-© the key factor is opening the posterior 
. capsule, regardless of the mechanism 
of capsulotomy. Krauss et al” noted 
minimal changes in vitreous viscosity 
in rabbits following direct Nd-YAG 
irradiation of the vitreous. They pos- 
tulated that retinal detachment fol- 
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More Jae was the: subpopulation | 


lowing Nd-YAG posterior capsulot- : 


omy could result from increased me- 
chanical instability of the vitreous 
because of decreased capsular support; 
this could be exacerbated by concur- 
rent age-induced (or as our series 
suggests, myopia-related) vitreous de- 
generation. Osterlin? reported consis- 
tently lower concentrations of hyalu- 
ronic acid and increased vitreous liq- 
uefaction in aphakic eyes compared 
with phakic eyes. Indeed, our incidence 
of retinal complications is similar to 
that reported following primary or 
secondary knife capsulotomy and fol- 
lowing intracapsular cataract extrac- 
tion. We therefore suspect that the use 
of the Nd-YAG for posterior capsulot- 
omy is not specifically causative of 
these retinal complications. 

We believe that further work is 
needed to identify the factors that 
predispose to retinal tears and detach- 
ments following posterior capsuloto- 
my. All of the intraocular lenses in this 
series had planoconvex posterior op- 
tics, and nearly all were inserted into 
the ciliary sulcus. It is conceivable that 
capsular bag fixation and implantation 
of other lens designs (eg, biconvex op- 
tics) might reduce the incidence of vit- 
reous prolapse and capsular extension 
following Nd-YAG laser posterior cap- 
sulotomy. We need to understand how 
the incidence and timing of posterior 
vitreous detachment affect the devel- 
opment of retinal complications. The 
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patients has yet to be delineated. 

Certainly, careful preoperative and 
postoperative fundus examinations 
should be performed in all patients, 
particularly those with longer axial 
lengths or other factors predisposing 
to retinal detachment. The risk of ret- 
inal detachment following Nd-YAG 
capsulotomy (particularly in high ax- 
ial myopes) approaches the detach- 
ment rate of aphakic patients. As such, 
it may be appropriate to treat retinal 
breaks prophylactically, symptomatic 
or not, as one would in an aphakic pa- 
tient. Other patients with extensive 
vitreoretinal disease, including lattice 
degeneration and cystic retinal tufts, 
should be counseled and appropriately 
monitored. To minimize the risk of 
vitreous prolapse, we recommend 
keeping the edge of the capsulotomy 
well away from the edge of the intra- 
operative lens optic and from position- 
ing holes. 

Patients undergoing Nd-YAG pos- 
terior capsulotomy, especially those 
with axial myopia, should be advised of 
the risk of retinal complications asso- 
ciated with this procedure and care- 
fully informed of the symptoms of ret- 
inal tears and detachment. 
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Lens C Opacities Classification System II (LOCS II) 
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Patricia Khu, MD; Toyohiko Kashiwagi, MD; Robert Sperduto, MD 


€ The Lens Opacities Classification 
System, version Il {LOCS Il), uses a set of 
colored slit-lamp and retroiliumination 
transparencies to grade different degrees 
of nuclear, cortical, and subcapsular cata- 
ract. The system uses four nuciear stan- 
dards for grading nuclear opalescence 
and color, five cortical standards, and 
four subcapsular standards. The LOCS Il 
can be used to grade patients' cataracts 
at the slit lamp or to grade slit-lamp and 
retroillumination photographs; it is easy 
to learn and can be applied consistently 
by different observers. We obtained very 
good interobserver reproducibility of the 
clinical gradings at the slit lamp, excellent 
intraobserver reproducibility, very good 
to excellent interobserver reproducibility 
of photographic gradings, and good 
agreement between clinical and photo- 


* graphic gradings. The LOCS Il is potential- 
. . ly useful for both cross-sectional and lon- 
-v.. gitudinal studies of cataract. 

(Arch Ophthalmol. 1989; 107:991-997) 


i ss original version of the Lens 
Opacities Classification System 
(LOCS D? was designed for use in a 
case-control study of risk factors for 
age-related cataract sponsored by the 
National Eye Institute, Bethesda, Md. 
The LOCS I system is easy to use and 
yields highly reproducible results,’ 
but it was not designed to differenti- 
- -ate among various degrees of cortical, 
: subcapsular, and nuclear opacifica- 
tion. We have developed the system 
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further,’ expanded the number of pho- 
tographic standards, used colored 
rather than black-white standards, 
and present it herein in a final form. 
This article describes (1) version II of 
the LOCS (LOCS II), (2) an evaluation 
of its reproducibility when used by 
different observers at the slit lamp 
and in classifying photographs, (3) a 
comparison between  slit-lamp-de- 
rived and photograph-derived lens 
classifications, and (4) its application 
in a clinical research setting. 


MATERIALS AND METHODS 


The LOCS II standards are illustrated in 
Fig 1. 


Photographic Techniques Used in 
Preparing the Standards 


Mydriatics are used to achieve maximal 
mydriasis before any retroillumination or 
slit-lamp photographs are obtained. The 
camera settings for the retroillumination 
camera (Neitz CTR, Kowa Optimed, Tor- 
rance, Calif) are the same as cited by 
Chylack et al*; high-speed film (Kodak Hi 
Speed Ektachrome, Rochester, NY) was 
used. The picture was obtained when the 
core of illumination was centered in or 
around the pupil and when the brightest 
red reflex was evident. Maximal reflex 
brightness occurs when the optic nerve 
serves as the major reflector of the inci- 
dent light. 

The colored slit-lamp photographs 
(Zeiss, Zeiss Oberkochen/Waertt, West 
Germany) were obtained with the slit lamp 
set at its narrowest setting, the slit beam 
height slightly greater than the pupillary 
diameter, and the angle at 45° to the visual 
axis. The transformer settings were as 
follows: flash brightness, 3; illumination 
intensity, 3; and the diffuse illuminator 
was turned off. The slit beam was focused 
at the center of the nucleus. 


Description of Standards 


Nuclear (N).— All] standards were select- 
ed from photographs of participants in the 
Lens Opacities Case-Control Study. In con- 
trast to LOCS I, which has one nuclear 
standard, LOCS II has four standards— 
NO, NI, NI, and NllII—resulting in five 
grading categories for nuclear opalescence. 
"NO" illustrates a clear nucleus, where one 
can distinguish the embryonal nuclei, the 
heightened scatter from the anterior and 













































posterior nuclear layers, and the sutures, 
all called the “figure” of the nuclear image; 
the background, called the “ground” of a 
image, is almost perfectly transparen! 
“NI” is the “N” standard from LOCS I. I 
provides an example of an early degree of. 
nuclear opalescence. The “NII” standard. 
illustrates obscuration of the figure of th 
nuclear images by increasingly opalescen 
ground and shows moderately advanced 
nuclear opacification. The nuclear color i 
these three nuclear standards was judge 
to be the same. A fourth nuclear standard 
illustrating advanced nuclear opalescence: 
and browning was designated NIII. P 
Nuclear Color (NC).—Nuclear color is. 
graded using only the NI standard. The. 
technique is described below. ; 
Cortical (C.—While LOCS I has iwo 
standards for cortical gradings, “Ca” and 
“Cb,” LOCS II uses a photograph of a clea 
lens ("0") and five cortical standard: i 
("Ctr, 3 "CT, Lhd “CII, ? “CHI, »* and “OIV”: Su E 
0 is a clear lens devoid of aggregate 
dots, flecks, vacuoles, and waterclef 
illustrates the artifacts of the retroill 
nation technique with crossed linear polar 
izers; the orange cruciate pattern extend- 
ing from the 11:30 to 6-o'clock position and- 
the 3- to 9-o'clock position is a manifesta- 
tion of the birefringent properties of the 
cornea. The faint white vertically oriented’ 
rectangle of light near the center of the- 
image is the corneal light reflex that is not. 
fully eliminated by the crossed linear. 
polarizers. These artifacts are present to. 
varying degrees in all retroillumination ` 
photographs obtained with crossed linear 
polarizers. a 
Ctr (cortical-trace) contains a minimal 
degree of cortical opacification (7- to 9- 
o'clock position) and two small minispokes 
at the 6- and 10-o'elock position. It illus- 
trates the transition from unaggregated to” 
aggregated cortical flecking and minispoke 
formation. CI shows more extensive opa- 
cification (from the 6-o’clock to 8:30 posi- 
tion) and a small minispoke at the 5-o'eloek 
position just inside the pupillary margin. 
CII contains cortical spoking that obscures 
slightly more than two full quadrants; itis. 
the same photograph as Cb in LOCS I. CIH. 
illustrates still more opacification that. 
obscures approximately 50% of the intra- 
pupillary zone. CIV has advanced opacifi ^ 
cation filling approximately 90% of. the. 
intrapupillary zone. 
Posterior Subcapsular (P).— The subcapsu 
lar gradings use the same 0 standar 
described above and three subcapsula 
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Nuclear Color (NC) 


subcapsular reflex is: 









i . Grade NCO (€ the NI standard) NCO 
Ü | Grade NC1 (similar to the NI standard) NC 1 
a Grade NC2 (> the Ni standard) NC2 
Nuclear opalescence (N) QD... OS 
The average opalescence of the nucleus is: 
Grade NO {< that in NO) NO 
Grade Ni (> NO but < ND NI 
Grade Nil (> Ni but = NID Nil 
Grade Nil (> Nil but < Nil) NH 
Grade NIV (> NII) NIV 
Cortical cataract (C) OD OS 
The aggregate extent of linearly organized 
or clustered opacities is: 
Grade CO (x the aggregate extent in CO) CO 
Grade Ctr (> CO but < Ctr) Ce 
Grade Ci (> Ctr but <= Ol) 20 
Grade Cli (> Cl but < Cii) Cil 
Grade Cili (> Cil but = CH) Cili 
Grade CIV (> Cii but < CIV) CIV 
Grade CV (> CIV) CV 
Posterior subcapsular (P) OD QS 
The aggregate extent of the axial opacity 
seen in retroillumination is: 
Grade PO (=< that in PO) PO 
Grade PI (> PO but = PI) PI 
Grade Pil (> Pl but < Pi) Pil 
Grade Pill (> PII but = PH) Pill 


Grade PIV (> Pil) 





abbreviations. 


* standards ("PL" “PII,” and "PIII") PI 
illustrates a cataract filling approximately 
> . 8% of the area of the posterior capsule; it 
ae as the P standard of the LOCS I classifica- 
-. tion. PII illustrates more extensive (ap- 
no -proximately 30% ) opacification. PHI illus- 
_ trates even more extensive (approximately 
50% ) opacification of the posterior subcap- 
sular area. 


instructions for Grading Opacities and 
Nuclear Color in the LOCS Il 


A 21.25 X 27.5-em transparency of the 

LOCS H standards is placed on a light box 
mounted at the level of and behind the 
right shoulder of the patient seated at the 

| slit lamp. The room lights are dimmed and 
ic. the slit lamp is used exactly as specified in 

—. the instructions for the LOCS I: 

The classification data are recorded on a 

form that contains guidelines for classify- 

ing each type of opacification (Table 1). 
Nuclear color is graded in the same man- 

ner as in the LOCS I' by comparing the 
color of the posterior cortical/posterior 

,Subcapsular reflex to the NI standard. 

For the other gradings, the LOCS II 
standards represent boundaries between 
classes. When grading nuclear opalescence, 

the classifier estimates the average opales- 
cence of the nucleus (all of the lens 
enclosed within the zones of supranuclear 
scattering), not the extent of the nuclear 

.. A opacity, and determines whether it is equal 
— toor less than a specific nuclear standard. 
; — Forexample, if the average nuclear opales- 
-cence is more than NO but less than or 


i: -equal to NI, the Pa NI. Instructions 
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The color of the posterior cortical / posterior 






*LOCS If indicates Lens Opacities Classification System, version ll. See text for further explanation of 
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for estimating "average" nuclear opales- 
cence are detailed by Chylack et al. It 
helps to examine separately the figure and 
ground portions of the nuclear image. In 
clear nuclei the ground extends out to the 
regions of supranuclear scatter and usual- 
ly appears completely transparent. The 
parts of the nucleus constituting the figure 
may appear slightly opalescent even in 
clear nuclei. As nuclear cataracts develop, 
the contrast between the figure and 
ground decreases and may disappear in 
advanced nuclear cataracts. The average 
opalescence should be derived from the 
intensity of the opalescence in the ground 
and from the intensity and extent of the 
opalescence of the figure. By inspecting the 
nuclear region in a patient or slit-lamp 
photograph and the nuclear standards in 
the same way, it is possible to grade aver- 
age nuclear opalescence consistently (Fig 
2). 

When grading a cortical or posterior 
subcapsular opacity, the grader judges 
whether the aggregate area of such an 
opacity is less than or equal to the aggre- 
gate area of the opacity in a particular 
standard. (See Fig 3 for examples.) 

In grading cortical cataracts, all retroil- 
lumination photographs contain "in focus" 
and "out of focus" components. The classi- 
fier uses the focused components of the 
anteriorly and posteriorly focused views to 
create a mental or visual aggregate opacity 
to compare with the standards. Since what 
is out of focus in an anterior view is usually 
in focus in the posterior view, the aggre- 
gate represents the whole opacity. 








Examples 


In Figs 2 and 3 are examples of differ 
degrees of nuclear, cortical, and subcapsi 
lar opacification with their appropriat J 
LOCS II classification. E: 






Evaluation of Reproducibility 


Observers were instructed in the use of 
the system and then they conducted repli- 
cate gradings of patients at the slit lamp 
and of lens photographs, with interactive 
discussion of the results. After this train- 
ing period, intraobserver and interobserv- 
er reproducibilities were assessed using a 
similar methodology to that described pre- 
viously for evaluating the LOCS I? 
Patients were classified at the slit lamp 
using the LOCS II standards (Fig 1) and 
then color slit-lamp photographs (Zeiss) 
and two retroilumination photographs 
(Neitz CTR), one focused anteriorly and 
the other posteriorly, were taken. 

First, to evaluate the reproducibility of 
the clinical gradings, independent repli 
cate classifications were performed at the 
slit lamp by two ophthalmologists and an 
ophthalmic photographer. These replicate. 
classifications included 82 eyes of 41 
patients. 

Second, to evaluate the reproducibility: 
of the photographic classifications, inde- 
pendent replicate gradings of 100 sets of 
lens photographs from 50 patients were 
performed by the same clinical observers. 
and another ophthalmologist. After the : 
first reading, the photographs were rear- 
ranged in random sequence and Hen. 
again. | 

Third, the agreement between dne 
and photographic classifications was eval- 
uated by comparing gradings of the same 
lenses by the same observers. Clinical and. 
photographie classification data on 82 eyes. 
were available for observers 1 and 2; data- 
on 86 eyes were available for observer 3. 
For simplieity, we present data for the. 
agreement between the slit-lamp-derived. 
and the first photograph-derived classifi- | 
cation; the results for the second photo-. 
graph-derived classification were essen- 
tially the same. The reproducibility of the. 
gradings was measured by the percent 
agreement and the x statistic, which mea- 
sures agreement beyond that expected by 
chance alone. Weights of 0, .25, .50, .75, and 
1.00 were used for nuclear and posterior. 
subcapsular gradings and of .17, .33, .50, 
.67, .88, and 1.00 for cortical gradings. 
Approximately three fourths of the eyes 
included in this study had nuclear opaci-. 
ties at clinical examination, one third had 
posterior subcapsular opacities, and nine 
tenths had cortical changes. | 






























































RESULTS 


Table 2 shows very good interob- : 
server reproducibility of the clinical 
classifications at the slit lamp; analy- 
sis for left eyes and right eyes sepa- 
rately found similar results. Table 3 
shows excellent intraobserver repro- 
ducibility of photographic classifica- 
tions; Table 4 shows very good to 
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Grading Agreement, 96 
Nuclear .84 96 










Grading Agreement, 


Nuclear 


Posterior Posterior 
subcapsular .;0 94 subcapsular .87 99 
Cortical 72 93 Cortical .85 96 


Nuclear color Nuclear color .88 96 

















“See “Materiais and Methods" section for *See “Materiais and Methods” section for 
weighting system used. weighting system used. 

TLOCS Il indicates Lens Opacities Classification fLOCS il indicates Lens Opacities Classification 
System, version li. System, version li. 


Grading Agreement, % 


Nuciear f 92 
94 


Posterior subcapsular . 96 
96 
Cortical ; 95 
94 
Nuclear color 93 
96 


* See “Materials and Methods" section for weighting system used. 
tLOCS If indicates Lens Opacities Classification System, version H. 


Clinical 
Grading 


*LOCS H indicates Lens Opacities Classification System, version Il. 
te = 72. 






Clinica! 
Grading 


N 


Total — . 23 29 17 7 6 


*LOCS Il indicates Lens Opacities Classification System, version Il; tr, cortical trace. 
te .61. | 
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Nuclear .68 92 
Posterior 

subcapsular 83 94 
Cortical .81 90 






Nuciear color 






*See "Materials and Methods" section for 
weighting system used. 

1LOCS ll indicates Lens Opacities Classification 
System, version H. 


excellent interobserver reproducibili- 
ty of these gradings. Table 5 presents 
the agreement between clinical and 
photographie classifications, which is 
generally good. Tables 6 and 7 present 
more detailed comparisons of nuclear 
and cortical gradings for observer 3 
who had a larger sample size available 
for analyses. 


COMMENT 


As emphasized by Sperduto and 
Hiller, there is a need for “clear, 
reproducible and standardized defini- 
tions of lens opacities" to reduce mis- 
classification errors and facilitate 
comparison of results from different 
studies. The LOCS II standards may 
fill this need, for they are suitable for 
classifying different grades of nuclear 
eolor and opalescence and different 
extents of cortical and posterior sub- 
capsular cataract formation. Since all 
standards are in color, there is mini- 
mal discrepancy between the appear- 
ance of the standard and the appear- 
ance of the eye at the slit lamp. The 
LOCS II standards are easy to use 
because all the standards are bound- 
aries between grades of opacification; 
this reduces possible ambiguities in 
grading. 

The LOCS Il criteria for cataract do 
not contain a measure of visual acuity. 
Other systems of cataract classifica- 
tion, hoping to achieve a measure of 
objectivity by including visual acuity 
in the definition of cataract, have 
found that "some patients with mild 
lens or macular changes but with 
visual loss from another cause may be 
included in the analyses, whereas oth- 
ers with similar or more marked lens 
or macular changes but without vision 
changes may be omitted.’ Therefore, 
we do not regard the absence of a 
visual acuity criterion in the LOCS IT 
as a weakness in this standardized set 
of criteria for age-related cataract. 
Because of the inconsistent relation- 


ship between — acuity and 
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extent of lens M. the ‘iota. 
sion of visual acuity as a criterion for 
cataract may lead to misclassifica- 
tion, eg, patients with lens opacifica- 
tion would be included in the disease- 
L.. free group if their visual acuity was 
“~= 20/20. 
|». Recently West et al* proposed a set 
of photographs of nuclear cataracts as 
a means of grading cataract photo- 
graphs and patients at the slit lamp. 
Although the photographs appear 
similar to the LOCS II standards for 
nuclear color and opalescence, there 
are some significant differences 
between the two systems. Their sys- 
tem contains five grades (0 to 4) of 
nuclear opacity, and their definitions 
include three criteria: visual acuity, 
. density, and extent. In their table of 
-' definitions of each grade, they indi- 
cate that for grades 0, 1, 2, and 4 
certain levels of visual acuity, density, 
and extent must be satisfied; for 
grade 3, a certain level of visual acu- 
o dty, density, or extent must be satis- 
. fied. They do not explain this inconsis- 
 tency, nor do they explain how to 
classify a nuclear cataract that satis- 
fies some but not all of the criteria. 

(For example, what grade should be 

selected for a person with 20/60 visual 

acuity, a density greater than or equal 

to standard 2 but less than standard 3 

and an extent greater than or equal to 

1 but less than 2? Would this be a 
—. grade 1, 2, or 3?) In their system the 
^. weighted « statistic for the agreement 
. —. between slit-lamp-derived and photo- 

graph-derived classifications was .41; 

this is probably explained by their 

statement that "the grading was per- 
formed without use of the standard 
photographs, and the ophthalmologist 
relied on a written description of the 
severity grade of nuclear opacity." 

The LOCS H nuclear standards allow 

separate grading of color and opales- 

cence and, for the later grade, a single 
. decision whether the average opales- 
= cence of the patient's lens (in a photo- 

graph or at the slit lamp) is more than 
or equal to or less than that of a 
standard photograph. 

Sparrow et al? and Brown et al’ 
have recently recommended “The 
Oxford System" of classifying and 
grading senile cataracts. Graded fea- 
tures include "anterior subcapsular 
opacity, posterior subcapsular opaci- 
ty, cortical spoke opacity, waterclefts, 
vacuoles, retro-dots, focal dots, ante- 
rior clear zone thickness, nuclear 
| brunescence and white nuclear scat- 
ter.” Each feature is graded on a scale 

< of 1to5, and while grading, the exam- 
- jner is not constrained to any particu- 


=- lar set of d slit-lamp use 
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(eg, slit height, width, angle). Color is 
graded by comparing the nucleus with 
a set of Munsell colors." The Oxford 
system of classification is much more 
complex than the LOCS II, and there 
are abundant opportunities for dis- 
agreement among classifiers examin- 
ing the same patient. To our knowl- 
edge, no detailed description of the 
evaluation of this system's ease or 
reproducibility of use has been pub- 
lished except that Brown et al” state 
that “the  intra-observer mean 
weighted kappa value for the system 
as a whole was Kw = 0.68, and the 
inter-observer mean value was 
Kw = 0.55. These values represent 
‘good’ and ‘fair’ agreement from 0.87 
(excellent) to 0.36 (poor).” Our experi- 
ence with versions of the LOCS more 
complex than versions I and II was 
discouraging; we could not achieve 
high « values even for the within- 
observer measurements. 

This evaluation of the LOCS II 
found high reproducibility when the 
system is used for slit-lamp (Table 2) 
or for photographic classifications 
(Tables 3 and 4). The application of 
the system, therefore, leads to reliable 
gradings of cataract type and extent. 
The use of color photographs rather 
than black and white may be a factor 
enhancing the reproducibility of the 
system. The data set evaluated herein 
contained more cases of early opacifi- 
cation than of established, clear-cut 
grades of late opacification. The dis- 
tribution of cataract stages in such a 
data set, therefore, is unlikely to 
explain the high reproducibility of the 
gradings. 

Good agreement between clinical 
and photographic gradings was also 
achieved with the LOCS II. As we 
have reported previously,’ the photo- 
graphic gradings tend to have a larger 
number of lenses classified as clear 
(ie, as 0) than the clinical gradings by 
the same observer. Such discrepancies 
are especially marked for the cortical 
gradings (Table 7) where the observer 
graded more lenses as 0 in the retroil- 
lumination photographs than at the 
slit lamp. The slit-lamp examination 
thus appears more sensitive for de- 
tecting opacification than lens pho- 
tography. Such a finding may be due 
to limitations of current photographic 
techniques. Until more data from lon- 
gitudinal studies of cataract become 
available, the relative merits of clini- 
cal vs photographic techniques for 
that purpose will remain unresolved. 

We believe that the simplicity of the 
LOCS I and II is a strength and that 
the high within- and between-observ- 
er « Statistics obtained in testing the 





























































system innad its usé j for 
studies in which the type and gr 
extent of a cataract must be m 
sured. The LOCS I was developed f. 
use in a case-control study and spa: 
too large a range of cataractous 
change in too few steps to serve inves- 
tigators interested in measuring the 
rate of cataract growth. The LOCS II, - 
on the other hand, allows grading into- 
more categories and may be of poten- 
tial use for longitudinal as well as for 
cross-sectional cataract studies. 
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n. ng tients (26 eyes) with a 
nt, temporal, branch retinal vein ob- 
ion to determine the relative ana- 
c position of the structed vein in 
lation toits ‘crossing artery. in 26 (100%) 
26 eyes, the artery lay anterior to the 
vein, toward the vitreous. cavity. A control 
2 group was obtained by evaluating the rel- 
‘ative anatomic - position - between the 
branch retinal arter and vein at an equiv- 
it crossing site along the opposite vas- 
-cular arcade within the same eye. in the 
. control crossing sites, the artery lay ante- 
-rior to the vein 65% (15/23) of the time. 
We conclude that the likelihood that the 
artery will lie anterior to the obstructed 
vein at the site of blockage in a branch 
tinal vein obstruction is. substantially 
greater than what would be expected by 
ance | alone. This. anatomic relationship 
tween artery. and vein probably plays a 
| in the cause of a branch retinal vein 
tion and may have therapeutic sig- 
ice in light of a recent report con- 
g urgical. treatment. of such ob- 
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"n the majority of retinal arterio- 
enous crossings within the eye, the 

‘ery is situated anterior to the vein, 
toward the vitreous cavity. Retinal 
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Anterior Location of the Crossing 


arteriovenous crossings are important 
because the actual point of blockage to 
venous blood flow in branch retinal 
vein obstructions (BRVOs) generally 
occurs at such crossing points. This 
observation is attributed to Leber and 
has been reaffirmed many times 
since.** To our knowledge, little atten- 
tion has been devoted to the anatomic 
relationship between the vessels at ar- 
terio venous crossings in eyes that 
have suffered a BRVO. We undertook a 
retrospective evaluation of eyes with 
recent BRVOs to determine the rela- 
tive position of the two vessels at the 
site of venous obstruction and to com- 
pare the proportion of each anatomic 
variation with a series of matched 
control crossing sites. 


PATIENTS, MATERIALS, AND METHODS 


The cases of 32 consecutive patients with 
a temporal BRVO seen in the Retina Vas- 
cular Service at Wills Eye Hospital, Phila- 
delphia, Pa, were selected for evaluation. 
The diagnosis of BRVO was made when 
unilateral, segmental, superficial retinal 
hemorrhages were seen along the course of 
a temporal branch of the central retinal 
vein. Branch retinal vein obstructions in- 
volving either nasal branch retinal vessels 
or smali macular vessels as well as hemi- 
spheric retinal vein obstructions were not 
considered. 

In addition, any patient with a suspected 
inflammatory cause of the obstruction, such 
as toxoplasmosis, sarcoidosis, or Behget's 
disease, was excluded. Any obstruction that 
was determined to be long-standing or 
chronic* by either history or examination 
(eg, resolution of the retinal hemorrhages) 
or was not documented with an acute-phase 
intravenous fluorescein angiogram (IVFA) 
was excluded from the study. 

In these 32 eyes, the precise site of venous 
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obstruction was determined from examina- 
tion of both the IVFA and color fundus 
slides. The most reliable indicator of the 
blockage site was a change in the caliber of 
the vein at an arteriovenous crossing site 
with asymmetric fluorescein filling on each 
side of the crossing noted during the venous 
phase of the angiogram. Typically, the pat- 
tern of retinal hemorrhages was noted to 
form a triangle with the apex pointing to 
the site of obstruction. Rarely, hemor- 
rhages appeared along the obstructed vein, 
slightly proximal to the blockage site. If the 
actual site of obstruction could not be de- 
termined, either because of media opacity 
or because the vessels undertook multiple 
crossings in the region of the obstruction, 
the case was not considered. Because of 
these factors, four of the consecutively ex- 
amined eyes were excluded. 

Once the site of obstruction was identi- 
fied, the IVFA and color photographs were 
reexamined to determine which vessel was 
most superficial in the retina at the cross- 
ing site. If extensive hemorrhages or media 
opacity precluded determining the precise 
relationship of the vessels, the case was ex- 
cluded. In this manner, two additional eyes + 
were not considered. Therelationshipofthe. 
vessels was determined initially from. theo 
IVFA. A laminar venous fram was Se- : 










Twenty aii et | of : 
cluded i in this utar ‘One patient had) 
eral obstructions: 


g the oppo- 
sitearcade vessels within the same eye. The 
matched control crossings were selected in 
the following manner. If the study crossing 
site was the initial crossing of the main 


sites was s obtained d by a examinin the « 
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Intravenous fluorescein angiogram from a study eye during laminar venous filling. The black arrow 
points to the site of obstruction with the artery clearly anterior to the vein. The open arrow delin- 
eates the control crossing in the opposite arcade with the vein situated anteriorly. 


trunk of the branch retinal vein (first-order 
arteriovenous crossing), then the similar 
(ie, first-order) crossing in the opposite ar- 
cade was used as the control. If the study 
crossing was a second-order crossing (ie, a 
crossing involving a first branch of the main 
trunk of a branch retinal vein), then the 
equivalent crossing in the opposite arcade 
served as a control. If no such equivalent 
crossing in the opposite arcade could be 
seen with either the IVFA or the photo- 
graphs, then no control crossing was as- 
signed. Employing this method, three eyes 
were unable to have control arteriovenous 
crossings assigned. 

It is theoretically conceivable that the 
patients who suffer a BRVO have an in- 
creased frequency of "artery anterior" 
crossings when compared with a population 
of patients without BRVO. If this assump- 
tion is true, then a control group derived 
from examining uninvolved crossings 
within eyes affected by a BRVO might yield 
an unusually high percentage of artery an- 
terior crossings. To exclude this possibility, 
we also evaluated a series of arteriovenous 
crossings from a second control group. This 
second control group consisted of 26 eyes of 
26 patients who had an IVFA on the Retina 
Vascular Service at Wills Eye Hospital 
during the same time period as the study 
patients but for a reason other than a 
BRVO. All first- and second-order, tempo- 
rally located arteriovenous crossings visi- 
ble on a standard 30° fundus IVFA were 
counted and the relative anatomic position 
of the two vessels was determined. Small, 


macular arterioven crossings were not 
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included. Statistical analysis was per- 
formed using McNemar's test for compari- 
son of matched pairs and x? analysis for in- 
dependent sample comparison.’ 


RESULTS 


In the 25 affected patients the mean 
age was 69.6 years (range, 32 to 87 
years). There were 14 right and 12 left 
eyes. One subject had bilateral, nonsi- 
multaneous obstructions and both 
eyes were entered into the study. Four- 
teen subjects were female and 11 were 
male. Fourteen were white, 10 were 
black, and 1 was Asian-American. Six- 
teen of the affected individuals had a 
history of systemic arterial hyperten- 
sion, while only 2 reported having dia- 
betes mellitus. The clinical course of 
nine of the eyes was complicated by ei- 
ther neovascularization of the retina 
or persistent, visually significant mac- 
ular edema. All nine eyes underwent 
laser photocoagulation. After examin- 
ing IVFAs and color photographs, we 
concluded that in all 26 of the study 
eyes, the artery lay anterior to the vein 
(toward the vitreous cavity) at the site 
of obstruction. 

The control arteriovenous crossing 
sites derived from examining the op- 
posite arcade vessels within the same 
eyes totaled 15 (65% ) instances of the 
artery situated anteriorly and 8 with 


the vein anteriorly. As stated previ- 
ously three study eyes did not have a 
control crossing assigned because no 
equivalent crossing in the opposite ar- 
cade could be detected reliably in the 
IVFA frames available. Using McNe- 
mar's test of matched pairs, the dif- 
ference between this control group and 
the study group was statistically sig- 
nificant (P « .01). 

The second control group, which was 
obtained by examining all of the first- 
and second-order, temporally located, 
arteriovenous crossings visible within 
the eyes of 26 patients without BRVO, 
consisted of 78 crossing sites. The 
number of such crossing sites in each 
eye varied between 1 and 7, with a 
mean of 3. This group consisted of 14 
female and 12 male subjects who had 
14 affected right eyes and 12 affected 
left eyes. The mean age was 60.2 years 
(range, 35 to 75 years). The underlying 
disease process in the control group 
was background diabetic retinopathy 
in 10 subjects, age-related macular de- 
generation in 6 subjects, branch reti- 
nal artery obstruction in 4 subjects, 
Hollenhorst plaque in 1 subject, and 
the ocular ischemic syndrome in 1 
subject. Four subjects had normal 
findings on examination. In this second 
control group's arteriovenous cross- 
ings, the arteries were situated ante- 
riorly 53 (68%) of 78 times. When 
compared with the study set of arteri- 
ovenous crossings, the difference was 
statistically significant by x? evalua- 
tion (P < .01). Using a similar analy- 
sis, the two control groups were shown 
to have no statistical difference. 


COMMENT 


This study supports the conclusion 
that in BRVOs that feature an arteri- 
ovenous crossing as the blockage site, 
the artery lies anterior to the vein 
more often than would be expected by 
chance alone. In this study, 100% of 
such crossings affected by a BRVO had 
the artery situated anteriorly, while in 
the two sets of control crossings eval- 
uated, the artery lay anteriorly 6596 
and 6875 of the time, respectively. 
Previous, more limited reports on 
BRVO documented a similar apparent 
trend in the anatomic relationship be- 
tween the vessels, but did not focus di- 
rectly on this anatomic relationship or 
attempt to determine its significance. 
Frangieh and coworkers* described the 
histologic features in nine cases of 
BRVO. In the seven instances in which 
the blockage occurred at an arterio- 
venous crossing and the anatomic re- 
lationship of the vessels was specified, 
all seven crossings featured the artery 
situated anteriorly to the vein. 
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Obstruction of a branch retinal vein 
is one of the most common retinal vas- 
cular problems encountered in oph- 
_ thalmology. It is typically seen in mid- 
. dle-aged or older individuals with a 
history of systemic arterial hyperten- 
sion, diabetes, or generalized athero- 
sclerotic disease.’ Its visual effects 
range from nil to severe visual loss. 
Multiple factors interplay in the 
pathogenesis of this visual loss, includ- 
ing macular edema, macular hemor- 
` rhage, macular ischemia, and vitreous 
. hemorrhage secondary to subsequent 
. neovascularization. In select cases, la- 
ser photocoagulation can improve an 
affected patient’s visual prognosis.’ 
In a limited number of cases of 
BRVO, an inflammatory. cause can be 
. deduced; however, in the majority of 
instances the precise cause remains 
speculative. The strong association 
with systemic atherosclerosis, coupled 
-with the observation that the blockage 
usually occurs at the site of an arteri- 
ovenous crossing, has led to the hy- 
pothesis that focal narrowing of the 
vein at the site of obstruction is the 
initiating factor in BRVO.** It has 
been observed that the venous lumen 
may be narrowed by at least one third 
f its baseline diameter at normal 
arteriovenous crossings examined 
histopathologically? In patients with 
long-standing hypertension and sec- 
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ondary atherosclerotic . arteriolar 
changes, this narrowing is exacer- 
bated further by encroachment on the 
venous lumen by the common perivas- 
cular adventitial wall.^? This focal nar- 
rowing seen at arteriovenous crossings 
need not result in complete obstruction 
to produce a BRVO. Turbulent flow in 
the vein secondary to the narrowed lu- 
men can produce intimal damage, ini- 
tiation of the clotting cascade, and 
subsequent venous thrombosis.’ 

Our observation that the artery lies 
anterior to the vein at the majority of 
BRVO crossing sites contributes fur- 
ther evidence to support a prominent 
role for mechanical factors in the 
cause of BRVO. This anatomic obser- 
vation may partially explain why a 
specific arteriovenous crossing be- 
comes affected by venous obstructive 
disease, while a neighboring crossing 
in close proximity, theoretically ex- 
posed to identical systemic factors, re- 
mains unaffected. Physically, one can 
imagine that a sclerotic arterial wall 
overlying a thinner-walled vein might 
result in the vein being trapped be- 
tween the highly cellular retina below 
and the stiff, unyielding artery above. 
If the vein was situated anteriorly at 
such a crossing, a relative mechanical 
decompression into the gel-filled vit- 
reous cavity could occur, preventing or 
delaying venous obstructive disease. 
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involved by v venous obstructive disease 3 
were examined histopathologically by 
Seitz,’ and just such a displacement of 
the vein into the vitreous cavity was 
observed in each. 

A recent report has been published 
that indicates surgical intervention 
may improve visual acuity in selected 
cases of BRVO. In the patient de- 
scribed by Osterloh and Charles,” the 
artery was separated surgically from 
the vein at the site of arteriovenous 
crossing by developing a plane of dis- 
section between the vessels within 
their common sheath. The splitting of 
the common adventitial sheath theo- 
retically produces a mechanical de- 
compression, allowing the compro- 
mised lumen of the obstructed vein to 
expand. The knowledge that the 
thicker-walled artery is highly likely 
to be the anteriorly situated vessel in 
a BRVO may facilitate such a delicate 
surgical dissection since the surgeon is 
probably less apt to damage the thick- 
er-walled artery during manipulation. 
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= Central Retinal Vein Obstruction With Lipid Exudate - 


Gary C. Brown, MD 





€ Four patients with a central retinal 
vein obstruction associated with exces- 
sive deposits of hard exudate are de- 
-... scribed. When compared with a control 

.. group of 15 consecutive patients with a 
>... centrat retinal vein obstruction, those with 
/.. Marge amounts of hard exudate were noted 
to have significantly elevated triglyceride 
© Jevels, poorer visual acuity, and increased 
|," degrees of retinal ischemia on fluorescein 
i". angiography. 


(Arch — Ophthalmol. | 1989;107:1001- 
1005) 


a Select patients with diabetic retinop- 
= athy and a marked accumulation of 
=- hard exudates in the fundi may have 
an associated hyperlipidemia. In such 
. eases it is believed that damaged, in- 
— >> competent retinal vessels and in- 
^. creased serum triglyceride levels con- 
tribute to the deposition of large 
amounts of lipid in the posterior pole.! 
The presence of intraretinal hard 
exudate is commonly noted in eyes 
with diabetic retinopathy? and ean also 
be observed in other ocular disorders, 
such as accelerated systemic hyper- 
. tension, radiation retinopathy,’ and 
-optic neuropathy.’ However, it is un- 
- usual to see hard exudate in conjunc- 
^. — tion with central retinal vein obstruc- 
c. tion (CRVO).5 This article describes 
-- four patients with CRVO and promi- 
—.. nent hard exudates in the involved 
fundus who had associated marked hy- 
pertriglyceridemia. 


SUBJECTS AND METHODS 


The eases of 250 patients seen on the 
Retina Vascular Service at Wills Eye Hos- 
pital, Philadelphia, Pa, during a 5-year pe- 
riod (from June 1980 through May 1985) 
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with fundus features characteristic of a 
CRVO were reviewed. Criteria for the diag- 
nosis of a CRVO included a history of rela- 
tively rapid visual loss in association with 
a typical fundus picture of multiple intra- 
retinal hemorrhages, and usually dilated 
and tortuous retinal veins. Selected for 
further study were those who demon- 
strated a marked hard exudative response 
characterized by greater than 2 disc diam- 
eters of confluent yellow lipid deposit 
within the fundus. In each instance within 
this subgroup of persons with an exuda- 
tiveresponse, intravenous fluorescein angio- 
graphy and a complete medical evalua- 
tion were available, including 14-hour fast- 
ing triglyceride and total cholesterol 
levels. 

Serving as a control group to ascertain 
whether a relationship existed between el- 
evated serum lipid levels and hard exudate 
accumulation in eyes with CRVO, 15 addi- 
tional consecutive patients with CRVO 
were also studied. Among these cases, sim- 
ilar lipid levels were obtained for compar- 
ison. All persons in this group also under- 
went intravenous fluorescein angiography. 
As in the study group, angiographic views 
were obtained of the posterior pole, as well 
as the superior, inferior, temporal, and na- 
sal quadrants. A CRVO was judged to be 
ischemic if confluent areas of retinal capil- 
lary nonperfusion occupied at least 50% of 
the area in at least two of these views. The 
study and control groups were compared 
statistically using the t test and Fisher's 
Exact Test. 


RESULTS 


Among 250 patients with CRVO, 4 
(1.6%) were noted to have a marked 
amount of hard exudate and are de- 
scribed in the case reports to follow. 
Fasting serum triglyceride levels in 
this sample group ranged from 5.47 to 
13.49 mmol/L, with a mean level of 6.85 
mmol/L (normal, 0.22 to 2.03 mmol/L). 
Corresponding serum cholesterol lev- 
els varied from 4.70 to 9.33 mmol/L, 
with an average of 6.77 mmol/L 
(normal, 4.13 to 8.53 mmol/L). A sum- 
mary of the patient characteristics in 










































this group (Table) revealed a mean. age 
of 56 years, with a range from 29 year: 
to 74 years. Each of the persons had 
counting fingers or worse visual acuit; 
in the involved eye and manifested 
with an ischemic type of CRVO. Two 
persons were diabetic, but neither had 
signs of diabetic retinopathy in the 
contralateral fundus. | 

In the control group of 15 patients 
with CRVO, hard exudate was ob- 
served in only one eye. In this instane 
two small deposits, each estimated 
be approximately 200 um in diamete 
were noted in the macula. Ages in the 
control group ranged from 31 to 80- 
years, with a mean of 57 years. In- 
cluded were three diabetics. Ten eyes v: 
(67%) were thought to have a nonis- 
chemic CRVO, while 5 (83%) had 
the ischemie variant. Serum triglycer- 
ide levels ranged from 0.80 to 2.41. 
mmol/L, and the mean was 122. 
mmol/L. Coterminous serum choleste- 
rol values alternated from 4.65 to 9.33 
mmol/L, with a mean of 6.28 mmol/L. 
Clinical features and fasting lipid val- 
ues for the patients are listed in the 
Table. 

An evaluation of the two groups i us- 
ing the ¢ test with long transformation 
revealed significantly elevated triglyc- 
eride levels in the exudative sample 
group as compared with the controls 
(P = .000001). Cholesterol levels did 
not differ significantly between the. 
two groups (P = .4) with the t test. - 
Fisher's Exact Test showed that other 
significant variables associated with 
the hard exudate group included poor 
visual acuity (counting fingers. or 
worse; P = .02) and the presence of an 
ischemic pattern with fluorescein an- 
giography (P = .03). There was no sig- 
nificant difference between the two 
groups in regard to the presence of di- 
abetes mellitus (P = .5). To better il- 
lustrate the clinical and funduscopic 
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Case 
. No. Age, y/Sex Eye 


Visual 
Acuity 


Type of 


Serum 
Trigiyceride 
Level, 
mmol/L 


Serum 
Cholesterol 


CRVO Level, mmol/L 


Sampie Hard Exudate Group 


OD HM 


8.26 


Control Group 


OD 20/30 
OD 20/40 
OS CF 

OD 20/25 
OS 20/400 
OS 20/80 
OS CF 

OS 20/200 


O 
^ 


OD 20/80 
OD 20/ 100 
OD 20/70 
OD 20/25 


N 





* CRVO indicates central retinal vein obstruction; HM, hand motions; I, ischemic; CF, counting fingers; and 


N, nonischemic. 


- features of the study group, case re- 
ports are given below. 
REPORT OF CASES 


Case 1.—A 29-year-old black man was 
first seen with a history of decreased vision 
in the right eye for approximately 4 
months. The left eye had been amblyopic 
since an early age. Visual acuity at the time 
of initial examination was hand motions in 
the right eye and 20/50 OS. The intraocular 
pressures were 37 and 15 mm Hg in the OD 
and OS, respectively. Slit-lamp examina- 
tion of the right eye disclosed fluid rubeosis 
iridis, and gonioscopy demonstrated almost 
complete closure of the anterior chamber 
angle by fibrovascular tissue. The left ante- 
rior segment appeared normal. Fundus ex- 
amination of the right eye (Fig 1, left) 
revealed prominent neovascularization of 
. the optic disc and sheathed retinal vessels. 
- Multiple intraretinal hemorrhages could be 
- seen throughout the posterior pole, and a 
. large amount of hard exudate was present 
- within the macula. The patient was thought 
-to have a CRVO with a secondary exudative 
` response. Examination of the left fundus 
: Showed: no abnormality. 
` : Intravenous fluorescein angiography of 
3; the right eye revealed severe retinal capil- 
— lary nonperfusion in the posterior pole (Fig 
. 1, right) and extending into the retinal pe- 
| riphery. Marked hyperfluorescence was ob- 
served corresponding to leakage of dye 
- from the neovascularization of the optic 
disc. 

Physical examination disclosed systemic 
arterial hypertension (blood pressure, 135/ 
104 mm Hg) and otherwise was unremark- 


^^ 1002 Arch Ophthalmoi— Vol 107, July 1989 


able. Laboratory evaluation revealed a 14- 
hour fasting serum triglyceride level of 8.26 
mmol/L and corresponding cholesterol 
level of 4.70 mmol/L. Results of complete 
blood cell count, platelet count, hemoglobin 
electrophoresis, fasting glucose level, 12- 
factor automated blood chemistry analysis, 
serum protein electrophoresis, chest roent- 
genogram, and electrocardiogram were all 
within normal limits. 

The patient was followed up during a pe- 
riod of 4 years, during which time a mature 
cataract developed in the right eye, and the 
visual acuity deteriorated to no light per- 
ception. The results of ocular examination 
of the left eye remained unchanged. 

CASE 2.—A 63-year-old man presented 
with a history of decreased vision in the left 
eye for 1 year. At the time of initial exam- 
ination, his visual acuity was 20/20 OD and 
hand motions in the left eye. The anterior 
segment appeared normal in the right eye, 
but prominent rubeosis iridis was present 
in the left. Applanation tonometry mea- 
sured an intraocular pressure of 19 mm Hg 
bilaterally, and gonioscopy of the left eye 
revealed an open anterior chamber angle. 
Ophthalmoscopy of the right eye showed no 
abnormality. In the left eye, a CRVO was in 
evidence, as characterized by engorged ret- 
inal veins, retinal hemorrhages and edema, 
and cotton-wool spots (Fig 2, top left). A 
prominent deposition of hàrd exudate was 
visible nasal to the optic nerve head (Fig 2, 
top right). 

Intravenous fluorescein angiography 
(Fig 2, bottom) revealed areas of extensive 
retinal capillary nonperfusion. The hard 
exudate itself was located in an area with a 


though juxtaposed to a broad zone of con- 
fluent capillary nonperfusion. Marked leak- 
age from the viable retinal vessels was seen 
in the later phases of the study. 

The patient was noted to have systemic 
arterial hypertension, and laboratory work- 
up revealed aslightly elevated fasting blood 
glucose level (8.49 mmol/L; normal, 3.33 to 
6.38 mmol/L). On this basis he was judged 
to have mild diabetes mellitus. Further 
studies disclosed a markedly elevated 14- 
hour fasting triglyceride level of 5.47 
mmol/L and a similarly obtained choles- 
terol level of 6.64 mmol/L. 

The left fundus was photocoagulated 
with 2700 500-um spot-size burns with the 
argon green laser during a series of three 
sessions. Despite this therapy, neovascular 
glaucoma developed, necessitating cyclo- 
therapy and an injection of retrobulbar al- 
cohol. The eye remained with light percep- 
tion visual acuity. 

CASE 3.—A 58-year-old man with a his- 
tory positive for systemic arterial hyper- 
tension, but negative for diabetes mellitus, 
related having blurred vision in the left eye 
for 2 weeks. At the time of initial examina- 
tion his visual acuity was 20/25 OD and 
counting fingers in the left eye. The intraoc- 
ular pressure was 16 mm Hg bilaterally, 
and the anterior segment was normal in 
each eye. Funduscopy of the right eye was 
unremarkable, and in the left, intraretinal 
hemorrhages were observed throughout the 
fundus (Fig 3, left). Diffuse macular edema 
was present in the posterior pole, and min- 
imal hard exudate was observed. Fluores- 
cein angiography disclosed leakage of dye 
from the retinal vasculature in the left 
fundus, but no large areas of retinal capil- 
lary nonperfusion could be seen. 

The patient was observed without treat- 
ment for approximately 2 years, during 
which time he developed increasing 
amounts of hard exudate in the left fundus 
(Fig 3, right). Fluorescein angiography at 
this time revealed confluent regions of ret- 
inal capillary nonperfusion and marked 
leakage of dye from the remaining perfused 
retinal vessels. Laboratory studies dis- 
elosed a 14-hour fasting serum triglyceride 
level of 11.45 mmol/L, a serum cholesterol 
level of 9.07 mmol/L, Fredrickson type IV 
hyperlipoproteinemia, and a normal fast- 
ing glucose level. 

Because of the ischemic pattern of CRVO, 
the patient underwent panretinal photoco- 
agulation in the left eye. Since some intra- 
vitreal blood was present, the krypton laser 
was employed to deliver 1950 500-um spot- 
size burns. The patient was subsequently 
followed up for 3 years, during which time 
the exudate diminished in the left fundus, 
although the visual acuity remained count- 
ing fingers. 

Case 4.—A 74-year-old woman was seen 
with an ocular history of having a cataract 
extraction with intraocular lens implanta- 
tion in the left eye 4 years previously and 
decreased vision in the eye for 1 year. Her 
medical history revealed the presence of 
systemic arterial hypertension for 4 years 
and diabetes mellitus for 12 years. 

Ocular examination disclosed a visual 
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Fig 1.— Case 1. Left, Right fundus discloses marked hard exudate deposition in the macula. Right, Intravenous fluores- 
cein angiogram corresponding to the left portion of the figure at approximately 1 minute after injection. Nearly total retinal 
capillary nonperfusion is in evidence, and many of the large retinal vessels are devoid of dye. The new blood vessels on 
the optic disc are hyperfluorescent, and mottled hyperfluorescence is visible in the macula owing to a disturbance of the 
underlying choroidal pattern by retinal pigment epithelial changes. 


acuity of 20/20 OD and counting fingers at 
1 ft in the left eye. The intraocular pressure 
was 18 mm Hg in each eye, and the anterior 
segment showed mild cataractous lens 
changes in the right eye. Slit-lamp exami- 
nation of the left eye revealed pseudo- 
phakia, with an anterior chamber intraoc- 
ular lens, and absence of iris neovascular- 
ization. Fundus examination of the right 
eye yielded normal results, with no evidence 
of diabetic retinopathy. In the left fundus, 
the retinal veins were tortuous, and numer- 
ous intraretinal hemorrhages were scat- 
tered throughout the posterior pole and pe- 
riphery. Diffuse intraretinal and subretinal 
exudate was observed nasal to the optic 
disc. 

Fluorescein angiography demonstrated 
widespread retinal capillary nonperfusion 
and prominent intraretinal leakage of dye 
from the retinal vessels at several minutes 
after injection. Marked hyperfluorescence 
of the optic disc was visible. On the basis of 
the history, ophthalmoscopic appearance, 
and fluorescein angiographic features, the 
diagnosis of CRVO was made. 

Laboratory workup revealed a 14-hour 
fasting serum triglyceride level of 13.49 
mmol/L. The corresponding serum choles- 
terol value was 6.46 mmol/L. 

The left eye subsequently underwent ar- 
gon laser panretinal photocoagulation in an 
attempt to prevent the onset of rubeosis 
iridis and neovascular glaucoma. The visual 
acuity remained counting fingers with a 
follow-up of 1 year. 


COMMENT 


The presence of hard exudate in the 
fundus can be seen with a number of 
diseases, including diabetic retinop- 
athy,? accelerated,^ystemic arterial 


^ 
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hypertension,’ radiation retinopathy,’ 
optic neuropathy,‘ Coats’ disease,’ ret- 
inal capillary hemangioma,’ retinal 
arterial macroaneurysm, and choroi- 
dal neovascularization? In each of 
these instances, there is an abnormal 
degree of vascular leakage, whether it 
be from vessels within the retina, chor- 
oid, and/or optic nerve. This incompe- 
tence of vessels, with the inability to 
contain serum products, is essential 
for the formation of hard exudate 
within the retina and subretinal space. 

The combination of (1) abnormal 
leakage from blood vessels in the pos- 
terior segment and (2) markedly in- 
creased serum lipid levels seems to 
predispose the fundus to an accumula- 
tion of inordinate amounts of hard ex- 
udate. This has been shown in persons 
with severe  exudative diabetic 
retinopathy! (lipemic diabetic retinop- 
athy) and in others with hyper- 
lipidemia. Patients with pronounced 
diabetic retinopathy and markedly in- 
creased serum triglyceride levels seem 
to be particularly prone to hard exu- 
date deposition.! 

Similar to the situation with lipemic 
diabetic retinopathy,' select patients 
with CRVO and increased serum trig- 
lyceride levels can develop a marked 
exudative response in the fundus. 
Again, the combination of extremely 
elevated fasting serum triglyceride 
values and pronounced incompetence 
of the retinal vessels with fluorescein 
angiography seem to be two major 


factors associated with this fundus 
appearance. Serum cholesterol levels 
in this series did not significantly dif- 
fer in eyes with CRVO and prominent 
hard exudate and those without lipid 
accumulation. 

Comment should be directed toward 
the matching of the study and control 
groups. Ideally, the 4 patients in the 
exudative study group should have 
been compared with the remaining 246 
patients in the CRVO group from which 
they were selected. Unfortunately, 
many of these latter patients did not 
undergo measurement of lipid levels, 
and some did not have an available flu- 
orescein angiogram for study. Thus, a 
control group of 15 additional consecu- 
tive patients from the same clinic pop- 
ulation was selected and underwent 
lipid level determinations as well as 
fluorescein angiographic evaluation. 

The patients previously described 
with lipemic diabetic retinopathy! and 
those with a lipemic CRVO, as de- 
scribed in this communication, seem to 
have several features in common. In 
addition to demonstrating (1) marked 
hard exudate in the fundus, (2) in- 
creased serum triglyceride levels, and 
(3) retinal vascular leakage, they also 
commonly manifested with (4) the flu- 
orescein angiographic sign of retinal 
ischemia—retinal capillary nonperfu- 
sion, and (5) poor visual acuity. Brown 
and associates! noted areas of retinal 
capillary nonperfusion in each of eight 
patients with lipemic diabetic retinop- 
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Fig 2.— Case 2. Top left, Left fundus demonstrates dilated, tortuous retinal veins, intraretinal hemorrhages, and cotton- 
wool spots. Top right, Marked accumulation of hard exudate can be seen nasal to the optic disc in the left eye. The ex- 
udate appeared to be present in the deeper retina and subretinal space. Bottom left, Fluorescein angiogram of the pos- 
terior pole at 54 seconds after injection shows areas of confluent retinal capillary nonperfusion extending into the macula. 
Bottom right, Fluorescein angiogram corresponding to top right portion of the figure reveals that the hard exudate is present 
within retina with a partially perfused capillary bed but adjacent to a large area of retinal capillary nonperfusion (NP). 


athy, and legal blindness was present 
in 50% of involved eyes. Compara- 
tively, each of the exudative cases re- 
ported herein had an ischemic CRVO, 
and in none was the visual acuity bet- 
ter than counting fingers. In the dia- 
betic patients, the blindness occurred 
secondary to retinal edema, retinal is- 
chemia, and lipid deposition in the 
retina, all of which were also present, 
to an extent, in the exudative CRVO 
group. 

In one instance (case 1) most of the 
retinal capillary bed was destroyed, 
and yet a prominent exudative re- 
sponse was still seen. While there ap- 
peared to be minimal leakage from the 
larger remaining retinal vessels in this 
eye, the presence of prominent leakage 
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from the vasculature of the optic disc 
was in evidence. Presumably, an exu- 
dative CRVO can develop secondary to 
leakage of fats from the vessels of ei- 
ther the retina and/or optic disc. 

The 2% incidence of patients with 
the exudative variant of a CRVO cor- 
relates closely with that of lipemic di- 
abetic retinopathy in persons with di- 
abetic fundus changes. Brown and 
associates! found a 2% frequency of 
severe exudative retinopathy in the 
diabetic group. Although the data in 
this report are insufficient to comment 
with certainty, the similarity in occur- 
rence may reflect a parallelism be- 
tween the general incidence of severe 
hypertriglyceridemia in patients with 
CRVO and diabetic retinopathy. Ab- 


normally high triglyceride levels have 
been previously found in 22% to 40% of 
persons with CRVO, whereas hyper- 
cholesterolemia has been observed in 
30% to 5796." Absolute values for 
hypertriglyceridemia and hypercho- 
lesterolemia vary from one laboratory 
to another. 

It is well known that a marked exu- 
dative response can be observed in the 
fundus in the absence of elevated se- 
rum lipid levels. Coats’ disease is a 
prime example of this phenomenon,’ 
and the same can be seen with diabetic 
retinopathy.' Thus, while increased se- 
rum triglyceride levels most likely pre- 
dispose an eye with compromised pos- 
terior segment vasculature toward in- 
creased hard is He. the presence 
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Fig 3.—Case 3. Left, At the time of presentation, the left fundus demonstrates a central retinal vein obstruction. Right, 
Two years later, the fundus shows a marked accumulation of intraretinal hard exudate. 


of large amounts of lipid does not nec- 
essarily imply hypertriglyceridemia 
or the presence of a disorder of lipid 
metabolism. 

Whether a linear relationship exists 
between serum triglyceride levels and 
the amount of hard exudate in a fundus 
with a CRVO is unclear and cannot be 
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ascertained from the data presented in 
this study. However, the observation 
of a large amount of lipid in the poste- 
rior segment of an eye with central 
venous obstructive disease should 
alert the clinician that an elevated se- 
rum triglyceride level might well co- 
exist. 
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In Vivo Evaluation of a Noninvasive Method to 


Measure the Retinal Thickness in Primates 


Ran C. Zeimer, PhD; Mahnaz Shahidi, PhD; Marek T. Mori, MS; Elias Benhamou, MD 


@ To diagnose certain macular dis- 
eases earlier and monitor their therapy 
more sensitively, we are developing a 
noninvasive method to measure the reti- 
nal thickness. The new instrument, which 
is an extension of slit-lamp biomicrosco- 
py, was used to obtain the data, which 
were analyzed with an algorithm to yield 
thickness measurements. The measure- 
ments performed in monkeys indicated 
that the retinal thickness can be visual- 
ized in a region extending from the optic 
disc to the fovea and that quantitative 
results can be obtained. The retinal thick- 
ness reproducibility was 6% for the same 
location on the same day, 15% for the 
same location on different days, and 12% 
for the same location in different eyes. 
The average retinal thickness in these 
areas was 335 um, indicating that the 
reproducibility was between 20 and 50 
um. Measurements across the foveola 
illustrated that retinal thicknesses as low 
as 80 um could be obtained. 

(Arch Ophthalmol. 1989;107:1006- 
1009) 


M22" ocular diseases, such as glau- 
coma and macular edema, are 
directly related to an alteration of the 
retinal or nerve fiber layer thickness. 
To diagnose these diseases earlier and 
monitor their therapy more sensitive- 
ly, an accurate measure of the thick- 
ness is needed. Currently, the clinical 
methods that are available for obtain- 
ing an impression of the retinal thick- 
ness are slit-lamp biomicroscopy and 
stereophotography. However, neither 
method can provide a quantitative 
measurement, and biomicroscopy does 
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not produce a permanent record that 
can be used for follow-up. 

We developed a new method"? capa- 
ble of measuring noninvasively the 
retinal thickness and tested its feasi- 
bility. In the present article, we 
describe the instrumentation de- 
signed to obtain quantitative values 
and the algorithm devised to analyze 
the data and yield thickness measure- 
ments. We tested this system in pri- 
mates and assessed the reproducibili- 
ty of the thickness measurements. 


MATERIALS AND METHODS 


The method is based on the exploitation 
of the advantages of slit-lamp biomicrosco- 
py while overcoming its limitations: the 
resolution is increased, the visual impres- 
sion is replaced by quantitative measure- 
ment, and the results are permanently 
recorded along with the location of the 
measurement on the fundus. 

The prototype was mounted on a slit- 
lamp biomicroscope (Carl Zeiss f-160, Carl 
Zeiss, Thornwood, NY) at a magnification 
setting of 2.5. A green helium-neon laser, 
operating at 543 nm, delivered a monochro- 
matic and parallel beam of light controlled 
by a shutter. The beam was expanded and 
steered toward the eye by a beam splitter 
and focused on the fundus by the objective 
of the biomicroscope, to which a cylindrical 
lens was added. This resulted in the 
slanted projection of a very narrow beam, 
15 um in width, 2 mm in length, with a 
power of 95 „W and an exposure time of 
100 ms. The intersection of the slit with the 
retina was recorded on photographic film 
via the second objective of the biomicro- 
scope, to which conventional imaging 
optics were attached. The angle between 
the laser beam and the imaging optics was 
12°. To perform a measurement, the laser 
shutter was activated, the intensity of the 
illuminating light was increased, and the 
camera was activated. An enlarged (mag- 
nification, X3) image of the fundus was 
thus recorded on film along with an image 
of the intersection. 

A dedicated microdensitometer, de- 
scribed schematically in Fig 1, was devel- 
oped to analyze the image on film. The 


image on the negative was magnified 15 
times at the focal plane of the microscope, 
where the detector was located. A comput- 
er-controlled motorized XY table was used 
to move the negative in front of a micro- 
scope while the light, which passed 
through a 10-um slit, placed at the focal 
plane of the microscope, was detected by a 
photodiode. The photodiode signal was dig- 
itized by a signal recorder and transferred 
to the computer for storage and further 
analysis. Thus, by moving the negative in 
front of the microscope, a densitometric 
scan was obtained. Each scan corre- 
sponded to a single thickness measure- 
ment, and 20 to 25 such scans were per- 
formed across the length of the image. 

Figure 2 shows three typical densitomet- 
ric scans obtained in rhesus monkeys. Fig- 
ure 2, left, represents a scan acquired when 
the image was placed at a location on the 
retina temporal to the macula. The two 
peaks, which correspond to reflection from 
the anterior and posterior surfaces of the 
retina, are clearly separable. We have pre- 
viously shown that the right peak origi- 
nates from the intersection between the 
laser beam and the interface between the 
retina and the vitreous and that the left 
peak originates from the posterior inter- 
face of the retina.’ As illustrated by the 
scans in Fig 2, center and right, measured 
next to and at the foveola, respectively, the 
two peaks increasingly overlap as the 
thickness of the retina decreases. 

A software program was developed to 
analyze each individual densitometric scan 
and provide a value for the thickness. Each 
scan, composed of 512 data points, was 
smoothed by filtering the data in the fre- 
quency domain. This procedure involved 
taking the Fourier transform of the data 
array, multiplying it by a frequencye 
response function, and taking the inverse 
transform of the product. Figure 3, left, 
represents a typical smoothed data curve. 

The two peaks were resolved by fitting 
two Lorenztian curves to the smoothed 
data curve. The height and location (t,) of 
the left peak were found. The half width at 
one-third maximum (6/2) was derived 
from the lefthand portion of the curve, 
which was relatively unaffected by the 
adjacent right peak. The curve was nor- 
malized to a maxirhum of 1, and the first 
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(left), fit of the first Lorenztian curve to the dominant peak (center), and fit of the second Lorenztian curve to 
the remaining data curve (right). 
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Lorenztian function was defined as fol- 
lows: L(t) = 1/[1 + 6(t — ty]. 

Figure 3, center, illustrates the fit of the 
calculated Lorenztian function to the dom- 
inating peak. The fitted curve was then 
subtracted from the data, and and a second 
Lorenztian curve was fitted to the remain- 
der by a similar procedure (Fig 3, right). 
The time delay between the two peaks was 
obtained and converted into retinal thick- 
ness units by means of a calibration factor 
derived experimentally as explained below. 
For each image, the 20 to 25 densitometric 
scans generated by the microdensitometer 
to cover the length of the whole image were 
analyzed to yield a retinal thickness profile 
along the slit projected on the retina. 

We performed tests in a model eye to 
assess the ideal reproducibility and to cali- 
brate the instrument. The retina was sim- 
ulated by a clear plastic, 380 um thick, 
which was glued on a red background. This 
retina was placed in a commercial model 
eye provided with a cornea, a 6-mm pupil, a 
lens, and water-filled cavities? A flat con- 
tact lens was placed on the cornea during 
the measurement. 

The reproducibility of the measurement 
in vivo was assessed by repetitive measure- 
ments of the retinal thickness in two rhe- 
sus and two cynomolgus monkeys with 
ages that ranged from 4 to 9 years. Before 
the retinal thickness measurement, the 
pupil was dilated and a flat contact lens 
was placed on the anesthetized cornea. 
Multiple measurements were performed at 
different locations in both eyes and on 
different days. 

The reproducibility of the in vivo mea- 
surements was assessed at locations 
between the optic disc and macula. In this 
region the retinal thickness can be 
assumed to vary little along the 2-mm slit, 
and thus the retinal thickness at a particu- 
lar location was defined as the mean of the 
20 densitometric scans. To obtain the reti- 
nal thickness reproducibility in a single 
day, we first found the range of n single 
measurements at the same location and 
estimated the SD as the product of the 
range with a coefficient dependent on 7.‘ 
The reproducibility was defined as the 
average of the ratio of SD to the mean of n 
single measurements. The retinal thick- 
ness reproducibility on different days and 
in different eyes was derived in a similar 
manner. 


RESULTS 


The retinal profiles generated in 
vivo are illustrated in Figs 4 and 5. 
Figure 4 represents a profile obtained 
in an area between the optic disc and 
the fovea. As mentioned above, the 
thickness in this region does not 
change substantially along the slit. 
The points represent individual densi- 
tometric scans, and the solid line was 
obtained by smoothing the profile. 
The spread of the points is mainly due 
to local changes in the separation of 
the two intersections. One of the 
causes for such changes can be the 
presence of blood vessels in the path 
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Fig 4.—Retinal thickness profile at a location between the optic disc and the macula. 
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Fig 5.—Retinal thickness profile across the foveal region. 


of the laser slit, which can generate an 
image that is less separated from the 
anterior intersection than that ob- 
tained from the posterior retinal sur- 
face. This artifact can thus lead to a 
single spot reading that is less than 
the retinal thickness in this region. In 
addition, random errors contribute to 
the scatter of the points. To minimize 
the influence of these variations, the 
data points are smoothed and only the 
profile is considered. Figure 5 illus- 
trates the capability of the method to 
yield a realistic profile across the 
fovea where the thickness varies sig- 


nificantly and reaches low values. 

Finally, by measuring the retinal 
thickness at several locations between 
the optic disc and fovea, a thickness 
mapping was possible. Figure 6 repre- 
sents an example of retinal thickness 
mapping in both eyes of a rhesus 
monkey. The densitometric data were 
calibrated in retinal thickness units 
by averaging repetitive measure- 
ments of the plastic target of known 
thickness placed in the model eye. 

In the model eye, the thickness 
reproducibility was 3%, correspond- 
ing to 12 um. We tested the influence 
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Fig 6.— Retinal thickness mapping in both eyes of a rhesus monkey. 


of the biomicroscope orientation rela- 
tive to the ocular axis on the thickness 
measurements. Measurements were 
performed at different angles up to 
10° from each side of the normal. The 
values changed by less than 4%, indi- 
cating that no significant additional 

c variation was caused by changing the 
orientation within the range deter- 
mined by the pupil. 

In vivo assessment of reproducibili- 
ty was based on a total of 100 retinal 
thickness measurements in eight eyes 
of four monkeys. The retinal thickness 
reproducibility was 6% for the same 
location on the same day, 15% for the 
same location on different days, and 
12% for the same location in different 
eyes. The average retinal thickness in 
these areas was 335 um, indicating 
that the reproducibility was between 
20 and 50 um. 


-i COMMENT 


The in vitro evaluation of the meth- 
od yielded a thickness reproducibility 
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of 3% for thicknesses of approximate- 
ly 400 um. Moreover, the tests indi- 
cated that the measurement was not 
influenced by changes in the orienta- 
tion of the biomicroscope in the angu- 
lar range determined by the pupil 
size. 

The in vivo tests demonstrated that, 
with this method, the retinal thick- 
ness could be visualized in a region 
extending from the optic disc to the 
fovea. More importantly, these tests 
confirmed that the image can be ana- 
lyzed to provide a quantitative profile 
of the retinal thickness along a 2-mm 
line on the fundus. 

In the present study we concen- 
trated on the evaluation of reproduci- 
bility, which determines the sensitivi- 
ty of the method to changes. The 6% 
reproducibility obtained in vivo, at 
the same location and on the same 
day, is relatively close to the 3% 
reproducibility obtained under ideal 
conditions in a model eye. This 6% 
reproducibility corresponds to a 
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thickness of 20 um and represents a 
significant improvement over the 
existing subjective evaluation of the 
retinal thickness, which is probably 
sensitive only to large changes in reti- 
nal thickness. The reduced reproduci- 
bilities on different days and in differ- 
ent eyes were partially due to the 
variability in image quality from film 
to film. It does not seem crucial to 
increase the reproducibility for the 
evaluation of edema, since the present 
value already represents an improve- 
ment and it is not clear that more 
sensitive values are needed. However, 
in glaucoma, the nerve fiber layer 
thickness decreases by 3% per year, 
with a decrease of rim area of 0.042 
mm? per year, out of an area of 1.4 
mm?5; Thus, more sensitivity is 
required to detect losses within a 
short follow-up time. We are present- 
ly developing a system that will per- 
form densitometry directly on the 
image generated by the biomicro- 
scope. This will eliminate the need for 
film recording and processing and 
may thus improve the reproducibility. 
Moreover, the on-line measurement 
will allow a large number (n) of mea- 
surements to be averaged in a few 
seconds and will thus improve the 
reproducibility by n”. 

Finally, the measurements at the 
foveola yielded an estimate of 80 um 
for the minimum resolvable retinal 
thickness. Since the retinal thickness 
varies between 100 and 560 um in the 
macular area and near the optic 
nerve,’ this method seems to be sensi- 
tive enough to observe losses of tissue 
until advanced atrophy is reached. 
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Standardized Echography in the Diagnosis 


of Lacrimal Drainage Dysfunction 


Jonathan J. Dutton, MD, PhD 


e Fifteen patients with symptoms of 
nasolacrimal duct obstruction were evalu- 
ated with B-scan and standardized A-scan 
ultrasonography. Results were correlated 
with findings on routine clinical tests of 
lacrimal drainage function, and echo- 
graphic findings were confirmed at sur- 
gery in all cases. Ten normal lacrimal 
systems were also examined. |n all 
patients the lacrimal sac and duct were 
easily visualized as an echolucent defect 
bounded by the bony lacrimal crests. 
Abnormal dilatation, diverticuli, and 
inflammatory exudates were readily 
detected. Surgically created dacryocys- 
torhinostomy ostia were imaged on both 
A- and B-scans, as were obstructing mem- 
branes seen before surgical revision. 
Physiologic lacrimal pump failure could 
not be evaluated, and the exact site of 
obstruction could not be determined. 

(Arch Ophthalmol 1989;107:1010- 
1012) 


tandardized A-scan and B-scan 

echography are unique methods of 
diagnosis in ophthalmology that com- 
plement evaluation by computed 
tomography and magnetic resonance 
imaging.' B-scan examination allows 
evaluation of two-dimensional local- 
ization of lesions, evaluation of their 
gross shape, and relationship to adja- 
cent structures. Standardized A-scans 
provide a dynamic visualization of tis- 
sue properties not available with oth- 
er imaging techniques. These include 
aspects of internal histologic struc- 
ture, mobility, vascularity, and consis- 
tency that often allow more tissue- 
specific characterization. This tech- 
nique has proved to be a valuable 
adjunct in the evaluation of a variety 
of orbital disease processes.^ 

Several previous studies have used 
ultrasonography in the examination 
of the lacrimal drainage system.^? The 
technique has even demonstrated con- 
genital dilated dacryocystoceles by 
intrauterine antenatal examination.'? 
To evaluate the usefulness of this 
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modality in the clinical evaluation of 
patients with epiphora and acute 
dacryocystitis, we used this tool to 
examine patients with symptoms of 
nasolacrimal outflow obstruction. An- 
atomic findings on echograms were 
confirmed at surgery. 


PATIENTS AND METHODS 


Fifteen patients presenting to the oculo- 
plastic and orbital clinic with suspected 
lacrimal drainage dysfunction were evalu- 
ated. Twelve were female and three were 
male, ranging in age from 5 to 72 years. All 
patients had epiphora of three to 24 
months’ duration, association with morn- 
ing mattering. In one case symptoms were 
bilateral, and in 14 they were unilateral. 
Two patients had a history of previous 
facial trauma with fractures in the region 
of the bony nasolacrimal canal associated 
with the onset of symptoms. In one case 
the epiphora dated from intranasal sur- 
gery for removal of polyps, and in one 
patient the epiphora followed maxillary 
sinus nasal antrostomy for sinusitis. 

A complete ophthalmic and ocular histo- 
ry was obtained, and an ophthalmic exam- 
ination was performed to rule out possible 
causes of secondary hypersecretion as the 
cause of epiphora. Before manipulation of 
the lacrimal drainage system, an ultra- 
sound examination was performed with 
both A-scan and B-scan techniques using 
the same instrument (Ophthascan "S," 
Biophysics Medical, Inc, Pleasant Hill, 
Calif} for all studies. Routine lacrimal 
drainage diagnostic tests, including palpa- 
tion, the dye disappearance test, Jones I 
and II irrigation tests, and, when indi- 
cated, canalicular probing, were then per- 
formed. In all cases the dye disappearance 
test demonstrated marked delay in tear 
drainage on the symptomatic side, and the 
Jones I test failed to show any fluorescein 
in the nose at ten minutes. In 11 cases, dye 
failed to pass into the nose on forced 
irrigation, and fluorescein-stained saline 
regurgitated from the ipsilateral punctum, 
demonstrating high-grade nasolacrimal 
duct obstruction. In four cases a partial 
duct obstruction was present. In three 
patients dacryocystography was per- 
formed to confirm the site of obstruction 
or to evaluate the patency of a surgically 
created nasal ostium. All 15 patients even- 
tually underwent surgery, where the clini- 
cal findings were confirmed and the echo- 
graphic images correlated. Ten normal lac- 
rimal systems were also examined by 
means of the same echographic tech- 
niques. 

The lacrimal drainage system was exam- 
ined on B-scan by orienting the probe in 


the medial canthus and directing the tip 
toward the lacrimal sac fossa. This gave an 
oblique longitudinal cross section of the 
lacrimal sac and upper duct. The lacrimal 
sac was examined by scanning from medial 
to lateral between the anterior and poste- 
rior lacrimal crests. The probe was then 
moved upward, centered on the medial 
canthal tendon to image the fundus of the 
sac, and moved downward below the infe- 
romedial orbital rim to visualize the lacri- 
mal duct. 

The A-scan examination was performed 
by placing the probe tip at the medial 
canthus, with the echobeam directed 
toward the lacrimal sac just behind the 
anterior lacrimal crest. Where an enlarged 
sac and dacryocystitis were present, the 
probe was placed over the distended area 
and alternately swept medially and later- 
ally. This produced an anterolateral-poste- 
romedial cross section of the sac and upper 
duct. The sac was also visualized in trans- 
ocular examination by placing the probe at 
the superolateral orbital rim and directed 
across the globe toward the lacrimal sac 
fossa. The resulting image represented an 
approximate lateral to medial cross section 
of the system. In two cases the examina- 
tions were performed during surgery to 
confirm the positions and distances of var- 
ious structures, such as the nasal bones, 
anterior lacrimal crest, lacrimal sac walls, 
surgically created nasal ostium, nasal 
mucosa, nasal septum, and ethmoid sinus. 


RESULTS 
The Normal Lacrimal Drainage System 


On B-scan the normal lacrimal sac 
is seen as an elongated echolucent 
defect measuring 2.5 to 3 mm wide 





Fig 1.—B-scan of normal lacrimal sac and 
upper duct with probe at level of medial 
canthal tendon; a indicates anterior lacrimal 
crest; d, lacrimal duct; p, posterior lacrimal 
crest; and s, lacrimal sac. 
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Fig 2.—B-scan of normal middle and lower 
lacrimal duct and nasolacrimal foramen; d 
indicates lacrimal duct; f, nasolacrimal fora- 
men; and t, inferior nasal turbinate. 





Fig 3.—A-scan of normal lacrimal sac (s) 


measuring 3 mm in width. 





Fig 4.—Lacrimal duct (d) seen on A-scan with 
probe directed posteromedially, below inferior 
orbital rim. 





Fig 5.—Patient with epiphora on left side and clinical evidence of nasolacrimal duct obstruction. Left, 
Normal right lacrimal sac (s) on B-scan. Center, B-scan of left side demonstrating slightly dilated lacrimal 
sac (s). Right, A-scan study of left lacrimal sac (s) measuring 4.0 mm wide. 





Fig 6. — Acute dacryocystitis in patient with anteriorly draining lacrimal-cutaneous fistula. Left, On 
B-scan lacrimal sac (s) is dilated and contains homogeneous very low-reflective serous fluid. 
Diverticulum (dv) is seen anteriorly. Lacrimal duct (d) is below sac. Right, On A-scan image 
lacrimal sac (s) measures 8 mm wide with very low-reflective echoes due to presence of serous 
fluid. Anterior diverticulum (dv) is 8 mm wide, with higher, more irregular echoes from 


inflammatory exudate. 


and 10 to 12 mm long (1 ys = 0.776 
mm). It is bounded anteriorly along 
its lower half by a dense echogenic 
shadow representing the anterior lac- 
rimal crest (Fig 1). Posterior to the 
sac is another echogenic shadow, the 
posterior lacrima! crest and lacrimal 
bone. Between the bony crest shad- 
ows, the sac passes inferiorly into the 
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membranous nasolacrimal duct with- 
in its bony canal. Just behind the duct 
is an echolucent zone representing the 
air-filled middle nasal meatus, and 
about 4 mm from the medial canal 
wall is another dense vertical shadow 
within the nose, representing the 
nasal septum. The interior of the lac- 
rimal sac may be sonically empty 





Fig 7.—Acute dacryocystitis with mucopuru- 
lent exudate. Lacrimal sac (s) is dilated on 
B-scan and contains strong internal echoes. 
Inflammatory exudate is seen adherent to 
posterior sac wall. 


when it contains air, or it may contain 
some low- to  medium-reflective 
echoes if mucus is present. With the 
probe held below the inferior orbital 
rim and directed posteromedially, the 
entire lacrimal duct may be visualized 
to the nasolacrimal ostium beneath 
the inferior turbinate (Fig 2). The 
canaliculi cannot be visualized unless 
grossly dilated. 

On the A-scan, about 4 to 5 mm 
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Fig 8.—Left, Surgically created dacryocystorhinostomy ostium (o) with obstructing nasal mucosa 
seen as central echoes on B-scan. Right, A-scan of dacryocystorhinostomy ostium (o) with 


obstructing nasal mucosa (m). 


from the probe tip the lacrimal sac is 
seen as a deep, sharply defined defect 
in the medial canthal soft-tissue 
echoes (Fig 3). It measures approxi- 
mately 2.5 to 3 mm wide and, with 
pressure, compresses to about 1.5 mm 
in width. The normal dimensions of 
the lacrimal sac (+ SD) are 2.5 + 0.95 
mm in horizontal diameter and 4.0 + 
1.49 mm in anteroposterior extent.!! A 
sac greater than 4.0 mm wide or 7.0 
mm deep should be considered abnor- 
mally dilated. Internal echoes are 
generally 10% to 30% of maximum 
reflectivity. 

Immediately following the sac 
defect, a high echo rises to near maxi- 
mum reflectivity and represents the 
lacrimal bone in the region of the 
posterior lacrimal crest. In some sec- 
tions the middle nasal meatus is seen 
as a very low-reflective zone dropping 
to baseline beyond the posterior crest. 
Occasionally the agger nasi cells of 
the ethmoid sinus extend anterior to 
the posterior lacrimal crest and are 
seen as another echolucent defect 
behind the lacrimal sac, separated 
from it by the high peak of the lacri- 
mal bone echo. When the probe is 
positioned below the anterior lacrimal 
crest and aimed posteromedially, the 
nasolacrimal duct appears as a low- 
reflective defect about 3 to 4 mm in 
width (Fig 4). It is bounded medially 
by the high spike of the lateral nasal 
wall. 


Nasolacrimal Duct Obstruction 


In uncomplicated nasolacrimal duct 
obstruction, the lacrimal sac is some- 
what dilated compared with the 
asymptomatic normal side (Fig. 5). In 
the absence of dacryocystitis, the sac 
is otherwise normal in appearance on 
both the B-scan and A-scan, and 
internal reflectivity remains low to 
medium due to the presence of rela- 


tively homogeneous mucoid secre- 
tions. 
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Dacryocystitis 


In the presence of acute or chronic 
dacryocystitis, the lacrimal sac may 
be dilated to many times normal size 
(Fig 6). Internal reflectivity may be 
higher and more irregular due to 
clumps of mucopurulent material, and 
dense inflammatory exudates are fre- 
quently seen adherent to the sac 
walls. Thick, homogeneous pus may 
yield very low irregular echoes on 
A-scan and a sonically empty dilated 
sac on B-sean (Fig 7). Diverticuli 
appear as distinct pockets, usually 
directed anteriorly, and may contain 
secretions different from that in the 
sac proper. 


Dacryocystorhinostomy Site 


The size and position of a surgically 
created dacryocystorhinostomy osti- 
um is easily imaged on B-scan as a 
circular to oval defect in the medial 
wall of the lacrimal sac fossa (Fig 8, 
left). Central echoes within the osti- 
um may be seen when the nasal muco- 
sa is intact or fibrous closure has 
occurred. On A-scan the region of the 
ostium appears as a chain of rapidly 
descending echoes from the sac, and 
the obstructing membrane is seen as a 
double-peaked  high-reflective echo 
about 12 to 13 mm from the probe tip 
(Fig 8, right). It is usually not possible 
to detect a small central opening with- 
in this membrane, and patency must 
be determined with other clinical 
tests. After surgical excision of the 
obstructing membrane, the ostium 
appears echolucent on B-scan and on 
A-scan is open into the nose. 


COMMENT 


This preliminary study suggests 
that standardized A-scan and B-scan 
echography may provide a simple, 
noninvasive adjunctive technique for 
evaluating the gross anatomic struc- 
ture of the lacrimal drainage system. 
It allows confirmation of suspected 


is umm B outflow deficiency and the presence — 


n 


an obstruction in the nasolacrimal 
duct by the imaging of a dilated sac. It 
can also demonstrate inflammatory 
exudates in chronic and acute dacryo- 
cystitis and the presence of divertic- 
uli. In most cases this technique, in 
conjunction with standard office diag- 
nostic studies," can provide sufficient 
information to allow accurate etiolog- 
ic and therapeutic decisions without 
the need for more invasive dacryocys- 
tography. This is especially valuable 
in children, since sedation is not 
required for echographic examina- 
tion. Even when dacryocystography or 
computed tomography may be re- 
quired in cases of trauma or suspected 
malignancy, ultrasonography may 
contribute significant adjunctive data 
relating to tissue differentiation not 
available with other diagnostic mo- 
dalities. 

Physiologic function cannot be eval- 
uated with ultrasound, nor can the 
precise site of anatomic obstruction 
be determined. The canaliculi are not 
seen with this technique unless gross- 
ly dilated, and thus combined duct 
and canalicular obstructions will 
require other studies for detection. 
Further study will be necessary to 
determine the optimal role of echog- 
raphy in the clinical evaluation of 
patients with nasolacrimal duct disor- 
ders. 
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e in seven cases, optic nerve glioma 
presented as an expanding orbital mass 
in previously asymptomatic adults. Clini- 
cally and histologically, these tumors 
were similar to the orbital optic nerve 
gliomas of childhood; in contrast to the 
rapidly progressive malignant gliomas of 
the chiasm well described in adults, the 
patients with these tumors had a more 
benign clinical course. Management of 
optic nerve glioma in adulthood should be 
conservative in the presence of useful 
vision. 

(Arch Ophthalmol. 
1016) 


1989; 107: 1013- 


(pte nerve glioma is uncommon, 
accounting for less than 1% of 
intracranial tumors and less than 1% 
of orbital tumors.'? Most cases 
present as orbital masses in the first 
decade, and onset of symptoms after 
the second decade is rare.’ Over the 
past 38 years, seven adult patients 
with an orbital presentation of optic 
nerve glioma have been seen at the 
Moorfields Eye Hospital and the 
National Hospitals for Nervous Dis- 
eases, London, England. While the 
majority were young adults, one was a 
61-year-old woman. These patients 
are the subject of this report. 


PATIENTS AND METHODS 


The patients were identified from the 
diagnostic index of the two hospitals and 
were selected based on the following crite- 
ria: age at onset of symptoms older than 18 
years; onset of visual impairment in a 
single eye, with normal vision and field in 
the fellow eye at presentation; and optic 
nerve glioma proved by biopsy. All except 
patient 5 had been seen personally by one 
of us. All case records were reviewed. 

Each patient had a detailed ocular and 
neurologic examination. Clinical photo- 
graphs were reviewed when available. 
Visual evoked potentials (VEPs) were per- 


Accepted for publication January 23, 1989. 

From the Scheie Eye Institute, University of 
Pennsylvania, Philadelphia (Dr Wulc); the 
Southeast Eye Center, Greensboro, NC (Dr Ber- 
gin); the Institute of Neurology, London, England 
(Drs Barnes and Scaravilli); and Moorfields Eye 
Hospital, London, England (Drs Wright and 
McDonald). 

Reprint requests to Oculoplastic/Orbital Ser- 
vice, Scheie Eye Institute, 51 N 39th St, Philadel- 
phia, PA 19104 (Dr Wulc)* 


e 


Arch Ophthalmol— Vol 107, July 1989 


formed in some patients. Radiologic exam- 
ination included routine skull films with 
views of the optic canal in all cases. Five of 
the seven patients were examined by com- 
puted tomography at presentation, two 
cases having presented before the intro- 
duction of this technique. All patients were 
explored surgically; the biopsy specimens 
were reviewed and graded according to the 
modified Kernohan classification. The 
salient clinical features in these cases are 
presented in Table 1, and the roentgeno- 
graphic, surgical, and histologic features 
are presented in Table 2. Three illustrative 
cases are presented in detail. 


REPORT OF CASES 


CASE 1.—A 64-year-old woman had noted 
decreasing vision in the left eye 3 years 
prior to evaluation in the Orbital Clinic at 
Moorfields Eye Hospital. One year previ- 
ously she had covered her right eye and 
discovered that she was blind in the left 
eye. Thereafter, she noted increasing left 
proptosis. On examination, there was no 
evidence of neurofibromatosis. Examina- 
tion of the right eye gave normal results, 
with normal visual fields and normal 
VEPs. The left eye was blind (no light 
perception), with a relative afferent pupil- 
lary defect. It was displaced inferiorly and 
temporally, with 13 mm of proptosis (Fig 
1). Extraocular movements were limited in 
all directions, especially upward. Opticocil- 
iary shunt vessels were present on the 
swollen optic nerve head (Fig 2). Skull 
films with optic foramen were normal. 
Computed tomography revealed a grossly 
enlarged orbital optic nerve (Fig 3). No 
intracranial extension was observed. A 
presumptive diagnosis of primary optic 
nerve meningioma was made, and an exci- 
sional biopsy of the optic nerve was recom- 
mended. 

At surgery the orbital portion of the 
optic nerve was excised, using a lateral 
orbital approach. A grade II astrocytoma 
was observed histologically (Fig 4), extend- 
ing to the cut ends of the specimen. 

The patient did well for 4 years. Thereaf- 
ter, she noted increasing prominence of the 
left eye. At reexamination, there was 5 mm 
of left-sided proptosis. Visual acuity, 
fields, and VEPs on the right were normal. 
Computed tomography demonstrated a 
well-circumscribed mass intraconally that 
extended to the orbital apex. 

A transfrontal craniotomy was per- 
formed, and recurrent tumor was removed 
from the deroofed orbit to the chiasm. 
Histologically, the tumor was identical in 
appearance to the specimen excised 4 years 
prior. There was tumor at the cut surface, 
but the patient was well 1 year following 


surgery, with no clinical evidence of tumor 
recurrence. 

CASE 2.—A 26-year-old woman noted 
dull pain behind the left eye followed by 
decreased vision 5 months prior to presen- 
tation. On examination, no stigmata of 
neurofibromatosis were present. Her 
visual acuity was 6/4 OD and 6/9 OS. No 
proptosis was noted. Vertical movements 
were limited. There was a left afferent 
pupillary defect. The left optic nerve head 
was swollen, with dilated peripapillary 
veins, and chorioretinal striae were 
present. Skull films with optic foramen 
views were normal. Ultrasound and com- 
puted tomographic findings confirmed the 
presence of an intraorbital tumor of the 
left optic nerve. Over an 8-month period, 
the vision in the left eye deteriorated to no 
perception of light. Five millimeters of left 
proptosis developed. Repeated skull films 
showed minimal enlargement of the left 
optic foramen. Visual fields and VEPs 
from the right eye were normal. Because of 
the clinical and radiological evidence of 
progression, the optic nerve was explored 
via a transfrontal craniotomy. The optic 
nerve was removed from the eye to within 
a few millimeters of the chiasm, which 
appeared to be free of tumor. Histological- 
ly, the tumor proved to be a grade II 
astrocytoma and was notable in that it had 
produced no arachnoidal reaction. The 
intracranial end of the sectioned nerve 
contained tumor. Five years postoperative- 
ly there was no evidence of recurrence. The 
visual acuity, visual fields, and VEPs of the 
right eye were normal. 

CasE 6.— Two months prior to presenta- 
tion, a friend told a 31-year-old woman 
with neurofibromatosis that her left eye 
appeared *'a bit staring." One month later, 
she covered her right eye and discovered 
she could not see at all with her left eye. A 
sister, aged 24 years, had died 6 months 
previously from a grade I astrocytoma of 
the frontal lobe that had rendered her 
bilaterally blind. On examination, the 
right eye and fields were normal. Visual 
acuity in the left eye was no perception of 
light, and there was 2 mm of left-sided 
proptosis. A left afferent pupillary defect 
was present. Motility was normal. The 
optic disc was swollen. Films showed 
enlargement of the left optic foramen. 

A transfrontal craniotomy was per- 
formed. At surgery, tumor was seen infil- 
trating the chiasm. A biopsy was per- 
formed, and the specimen showed an astro- 
cytoma, Kernohan's grade I. The patient 
received radiotherapy postoperatively and 
remained free of symptoms until 7 years 
later, at which time rapid proptosis of the 
left eye was documented. Vision in the 
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Table 1.—Clinical Features in Adult Orbital Optic Nerve Glioma * 


Case/Age Neuro- Contralateral Amount of 
at Onset, y/Side Presenting Symptom Pain fibromatosis Vision Vision RAPD Proptosis, mm Motility Fundus 
1/61/Lt Decreased vision No No NLP 6/6 Yes 13 Limited all ductions, Edema, shunts 
upgaze especially 
2/26/Lt Pain Decreased Edema, engorged 
retinal veins, 
choroidal folds 
3/18/R Decreased vision, Decreased Edema, shunts 
then proptosis 
4/21/L Decreased vision No Decreased upgaze Pallor 
and abduction 
5/22/R Decreased vision, No Normal Pallor 
proptosis 2 y later 
6/31/Lt Proptosis, decreased No Normal Edema 
vision 1 mo later 


7/22/R Proptosis Decreased upgaze X Pallor and engorged 
retinal veins 





* NLP indicates no light perception; LP, light perception; RAPD, relative afferent pupillary defect. 
TFor details of cases 1, 2, and 6, see text. 
+Demonstrated progression to NLP in 8 mo, with 5 mm of proptosis. 


Table 2.—Roentgenographic, Surgical, and Histologic Findings 


Roentgeno- Chiasm Involved Clinical 
graphic Kernohan Se Evidence of 
Findings " Surgical Approach Gradet Excision Clinically Histologically Recurrence 
X-ray film, normal; CT, Lateral orbitotomy, Incomplete 
fusiform lesion and transfrontal 
normal canal craniotomy 


X-ray film and CT, normal Transfrontal 
canal and canalicular craniotomy 
expansion over 8-mo 
period; CT, optic nerve 
tumor 


CT, fusiform mass, optic Transfrontal procedure 
nerve tumor, bony elsewhere, lateral 
defect from previous orbitotomy 
surgery 

X-ray film, expanded Transfrontal 
canal; CT, fusiform craniotomy 
intraconal mass 


X-ray film, canal Transfrontal 
expanded; presentation craniotomy 
antedated CT 


X-ray film, enlarged optic Transfrontal 
canal; presentation craniotomy 
antedated CT 

X-ray film, canal not Lateral orbitotomy, 
enlarged; CT, fusiform transfrontal 
intraconal mass craniotomy 





* CT indicates computed tomography. 
tSee Kernohan et al.4 


right eye remained normal, with a normal- 
appearing disc. However, a right inferior 
nasal quadrantanopia was present. A left 
orbital exenteration was performed, and 
she received another course of radiothera- 
py to the chiasm and right optic nerve. One 
year later, the visual acuity was 6/6 OD, 
and the optic dise was edematous. A com- 
puted tomographic scan of the right optic 
nerve was normal. At this time, a right 
temporal hemianopia was noted, along 
with signs of increased intracranial pres- 
sure. 





A left frontal lobectomy was performed, ~~ CLAN AE. A 221-7 REE eS ub EUM S 
with subtotal resection of an astrocytoma. Fig 1.— Case 1. A 64-year-old woman at presentation. She had had poor vision in the left eye for 
Histologic examination showed a malig- ^ 3 years and progressive proptosis for 1 year. 
nant-appearing cerebral glioma, with : . 1 
areas of spongioblastic change and necro- HISTOLOGIC FINDINGS was typical of optic nerve glioma. 
sis. Two years following surgery, the There were areas of cystic degenera- 
patient was well, with good vision and no In each patient, the histologic tion and areas in which spindle- 
change in the right eye visual field. appearance of the optic nerve tumor shaped or elongated cells formed bun- 


- 
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Rosenthal’s fibers were features of 
four of these lesions. There were no 
morphologic or immunohistochemical 
differences between these tumors and 
those found in optic nerve glioma pre- 
senting in childhood. Two specimens 
obtained at two separate surgical pro- 
cedures in case 1 showed no histologic 
alteration in the intervening 4 years 
suggestive of malignant transforma- 
tion. In case 6, a second glioma of a 
higher grade of malignancy appeared 
to have arisen at a different locus. 


COMMENT 


These seven cases presented a rath- 
er uniform clinical picture resembling 
that seen in the juvenile form of orbit- 
al optic nerve glioma. Visual loss and 
proptosis of varying severity were 
found in all cases. The optic disc was 
swollen in four cases and atrophic in 
three cases; opticociliary shunt ves- 
sels were noted in two cases, tortuous 
retinal vessels were noted in two 
cases, and chorioretinal striae were 
noted in one case. Although the low 
frequency of neurofibromatosis (one 
of seven patients) differs from that 
seen in the juvenile form of optic 
nerve glioma (about 60% in a previous 
series’), the number of cases is too 
small and the reported frequency of 
neurofibromatosis in other series is 
too variable to be confident that this 
Fig 3.— Case 1. Axial computed tomographic scan shows grossly enlarged orbital portion of the difference is significant. 
left optic nerve. While orbital optic nerve glioma 
classically presents in children, it has 
been reported infrequently in adults.” 
Recently, a multi-institutional study 
of 22 gliomas yielded 7 patients older 
than 18 years at the time of presenta- 
tion, though there was no information 
about age at onset.’ The mean age of 
these patients was 31.7 years.’ In our 
series, 5 of the 7 patients experienced 
symptoms in the third decade, 1 
patient experienced symptoms in the 
fourth decade, and 1 experienced 
symptoms in the seventh decade, with 
a mean age at onset of symptoms of 
28.7 years. 

Most of the reported gliomas of the 
anterior visual pathways that present 
in adult life have shown a quite differ- 
ent clinical picture. The most compre- 
hensive account is that of Hoyt et al,’ 
who described 15 patients presenting 
with unilateral visual impairment 
that progressed rapidly to bilateral 
visual loss and eventually to obtunda- 
tion and death as tumor invaded adja- 
cent midline structures. These pa- 
tients all had malignant astrocyto- 
dles, with a coarse fibrillary appear- ^ with blood vessels. Frequently, tumor mas. 
ance. Less commonly, bipolar tumor cells were organized into bundles sur- In contrast to these malignant glio- 
cells with slender processes were seen rounded by fibrovascular septa. Inva- mas, the prognosis for all but 1 of our 
to make contact with other cells or sion of the tumor capsule by cells and patients (who had neurofibromatosis 





Fig 2.— Case 1. Optociliary shunt vessels can be seen on the swollen optic nerve head of the left 
eye. 
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and later developed a frontal glioma) 
was good, as it was in 9 of the 17 cases 
of childhood-onset optic nerve glioma 
previously reported from this institu- 
tion.‘ 

As in cases of juvenile pilocytic 
astrocytoma, unsuspected chiasmal 
involvement occurred: in one patient, 
the chiasm was enlarged at operation, 
while in two, though the chiasm 
appeared normal at surgery, the cut 
end of the intracranial optic nerve at 
its junction with the chiasm was 
found to contain tumor. 

Histologically, the tumors were 
grade I astrocytomas in five cases and 
grade II astrocytomas in two.^ In case 
1, the oldest patient, the tumor 
recurred 4 years later without evi- 
dence of malignant transformation, 
and in patient 6, who had Reckling- 
hausen's disease, a malignant frontal 
glioma developed 8 years after exci- 
sion of the original orbital optic nerve 
glioma. Despite incomplete excision in 
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T B tr ix Xt À 
Fig 4.—Case 1. Transverse section through the body of the tumor shows abundant glial fibrils 


and cellular pleomorphism. The pathologic report indicated a grade II astrocytoma (hematoxylin- 
eosin, original magnification X 100). 


cases 2 and 4, no recurrence has been 
observed during postsurgical follow- 
up of 7 and 21 years, respectively. 
Other investigators have noted that 
incomplete removal of childhood optic 
nerve gliomas does not necessarily 
result in tumor recurrence?" To 
explain this finding, Anderson and 
Spencer" postulated that removal of 
the central body of the tumor elimi- 
nates a stimulus to peripheral cen- 
tripetal tumor growth. 

The relatively benign behavior of 
these tumors is important in planning 
the management of adult patients 
presenting with unilateral visual loss 
and proptosis in whom computed 
tomographic scanning or nuclear 
magnetic resonance imaging reveals 
diffuse enlargement incorporating the 
optic nerve. Most of these patients 
will have optic nerve meningioma," 
which, though extrinsic, cannot be 
removed safely with preservation of 
vision; however, these seven cases 


References 


diagnosis of orbital glioma and meningioma. 
Ophthalmology. 1984;91:137-155. 

8. Hoyt WF, Meshal LG, Lessel S, Schatz NJ, 
Suckling RD. Malignant optic glioma of adult- 
hood. Brain. 1973;96:121-132. 

9. Hudson AC. Primary tumour of the optic 
nerve. R London Ophthalmol Hosp Rev. 1912; 
18:317-439. 

10. Tym R. Piloid gliomas of the anterior optic 
pathways. Br J Surg. 1961;49:322-332. 

11. Marquardt MD, Zimmerman LE. Histo- 
pathology of meningiomas and gliomas of the 
optic nerve. Hum Pathol. 1982;13:226-235. 

12. Anderson DR, Spencer WH. Ultrastructur- 
al and histochemical observations of optic glio- 
mas. Arch Ophthalmol. 1970;83:324-335. 

13. Borit A, Richardson EP. The biological and 
clinical behavior of pilocytic astrocytomas of the 


suggest that adult-onset optic nerve 
glioma must also be considered in the 
differential diagnosis. Our present 
policy is to manage such cases conser- 
vatively and to defer surgery until no 
useful vision remains in the affected 
eye. At this time, since the exceptional 
optic nerve tumor is invasive, we 
adopt a radical approach and, in col- 
laboration with our neurosurgical col- 
leagues, remove the optic nerve from 
the chiasm to the globe. We do not 
advocate early biopsy, since removal 
of large specimens is likely to compro- 
mise vision, and, on the basis of our 
experience of juvenile gliomas, small 
biopsy specimens may not permit the 
distinction between meningioma and 
the marked meningeal reaction that 
may accompany glioma."* As in juve- 
nile glioma, the role of radiotherapy is 
not established. Because of the appar- 
ently good prognosis, we would 
reserve it for cases where residual 
intracranial tumor is expanding. 

The present report does not contrib- 
ute to the solution of the problem of 
the origin of optic nerve glioma. Some 
have argued that the juvenile pilocytic 
tumors behave like hamartomas.^" 
The occurrence of grade II astrocyto- 
mas indistinguishable from. those 
found elsewhere in the central ner- 
vous system is evidence at least that 
cells in the optic nerve, hamartoma- 
tous or not, can be transformed into 
truly neoplastic cells. The application 
of monoclonal antibody techniques to 
the study of gliomas is leading to a 
reappraisal of their cellular origin. 
Information gathered from these 
studies may better elucidate the 
nature and origin of gliomas of the 
orbital portion of the optic nerve, both 
in children and adults. 


Lindsay Symon, MD, FRCS gave permission to 
publish case 6. The neurosurgical staff and 
pathologists at Moorfields Eye Hospital and the 
National Hospital, London, England, assisted in 
the treatment of these patients. 


optic pathways. Brain. 1982;105:161-187. 

14. Spencer WH. Primary neoplasms of the 
optic nerve and its sheaths: clinical features and 
current concepts of pathogenetic mechanisms. 
Trans Am Ophthalmol Soc. 1972;70:490-512. 

15. Karp LA, Zimmerman LE, Borit A, Spen- 
cer W. Primary intraorbital meningiomas. Arch 
Ophthalmol. 1974;91:24-28. 

16. Cooling RJ, Wright JE. Arachnoid hyper- 
plasia in optic nerve gliomas: confusion with 
orbital meningioma. Br J Ophthalmol. 1979; 
63:596-599. 

17. Imes RK, Hoyt WF. Childhood chiasmal 
gliomas: update on the fate of patients in the 
1969 San Francisco study. Br J Ophthalmol. 
1986;70:179-182. 


Adult Orbital Optic Nerve Glioma—Wulc et al 





Rhegmatogenous Retinal Detachment Following 


Cryotherapy in Retinopathy of Prematurity 


Craig M. Greven, MD, William Tasman, MD 


e Three patients who had been treated 
with transscleral cryotherapy to the avas- 
cular retina for stage 3+ retinopathy of 
prematurity with threshold disease had 
total rhegmatogenous retinal detach- 
ments develop. In each case, the retinal 
detachment developed more than 1 year 
after treatment and resulted from a tear at 
the junction of the treated and untreated 
retina. Rhegmatogenous retinal detach- 
ment is a late complication of transscleral 
cryotherapy that to our knowledge has 
not previously been documented. 

(Arch Ophthalmol. 1989;107:1017- 
1018) 


ransscleral cryotherapy of the 

avascular retina in infants with 
retinopathy of prematurity (ROP) has 
been applied since the early 1970s in 
an attempt to halt the progression of 
or prevent visual loss in severe 
ROP.''* Recently, the Multicenter Tri- 
al of Cryotherapy for ROP reported 
data supporting the efficacy of cryo- 
therapy in reducing the risk of a reti- 
nal fold involving the macula, a reti- 
nal detachment involving zone 1, or a 
retrolental membrane." 

The immediate ocular complica- 
tions of cryotherapy for ROP are well 
documented and include conjunctival 
and subconjunctival hemorrhage, con- 
junctival laceration, and vision- 
threatening retinal, preretinal, and 
vitreous hemorrhage. Immediate sys- 
temic complications include arrhyth- 
mias, bradycardia, asystole, and in- 
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creased cyanosis." 

Long-term complications of trans- 
scleral cryotherapy have been less 
well characterized. We examined 
three children who had rhegmatoge- 
nous retinal detachment develop 1 to 3 
years after cryotherapy. In each case, 
a retinal tear was found at the junc- 
tion of the treated and untreated reti- 
na. Each patient underwent a scleral 
buckling procedure, cryotherapy to 
the break, and drainage of subretinal 
fluid. Two of the three retinas were 
anatomically reattached postopera- 
tively, but only one had useful 
vision. 


REPORT OF CASES 


Case 1.—A 17-month-old white female 
infant was referred with the diagnosis of 
retinal detachment in the right eye. She 
was born at 27 weeks’ gestation with a 
birth weight of 900 g. At age 3 months, her 
right eye was treated with transscleral 
cryotherapy to the avascular retina for 
stage 3+ ROP and seven contiguous clock 
hours of extraretinal fibrovascular prolif- 
eration. When examined, her untreated 
left eye had no apparent light perception 
secondary to stage 5 ROP. The right eye, 
which had previously shown regressed 
ROP, had a total rhegmatogenous retinal 
detachment with a slitlike tear at the 
10-o'clock position. The tear was located at 
the junction of the treated and untreated 
retina. There was a fenestrated preretinal 
membrane adjacent to the tear, but no 
definite retinal traction was noted. She 
underwent transscleral cryotherapy to the 
tear, a 360° scleral buckling procedure 
with a scleral implant from the 7- to 
11-o'clock position, and drainage of subre- 
tinal fluid. One month after surgery, the 
scleral buckle was revised because of 
recurrent retinal detachment. Six months 
after surgery, her retina is attached and 
there is ambulatory vision. 
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Case 2.—A black male infant born at 28 
weeks’ gestation with a birth weight of 950 
g received transscleral cryotherapy to the 
avascular retina of the right eye at age 3 
months for stage 3+ ROP and greater than 
five contiguous clock hours of extraretinal 
fibrovascular proliferation. The cryothera- 
py applications were made with the stan- 
dard retinal probe and were contiguous 
and single. The end point for each applica- 
tion was sudden whitening of the retina. 

Examination at 15 months revealed that 
the previous stage 3+ ROP in the un- 
treated left eye had totally regressed and 
that the retina was attached. The treated 
right eye had a total rhegmatogenous reti- 
nal detachment with three slitlike tears at 
the posterior edge of the cryotherapy scars 
at the 8-, 11-, and 2-o'clock positions. No 
overlying vitreous membranes were noted. 
The patient was treated with cryotherapy 
to the retinal tears, an encircling scleral 
buckle with a scleral implant from the 7- to 
3-o'clock position, and drainage of subreti- 
nal fluid. Fourteen months postoperative- 
ly, the retina remains attached with clear 
media and a normal-appearing retina 
remains attached with clear media and a 
normal-appearing optic nerve, but there is 
no useful vision. The untreated left eye can 
fix and follow. 

CasE 3.—A Hispanic female infant born 
at 28 weeks’ gestation with a birth weight 
of 980 g received transscleral cryotherapy 
to the avascular retina of the right eye at 
age 4 months for symmetric stage 3+ ROP 
and greater than five contiguous clock 
hours of extraretinal fibrovascular prolif- 
eration. At age 4 years, a total rhegmato- 
genous retinal detachment with a large 
tear from the 9- to 1-o'clock position at the 
posterior edge of cryotherapy was noted. 
She underwent transscleral cryotherapy to 
the retinal tear, an encircling scleral buck- 
ling procedure with scleral implant from 
the 8- to 2-o'clock position, and drainage of 
subretinal fluid. The eye subsequently pro- 
gressed to a total inoperable retinal de- 
tachment. The untreated left eye is now 
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the better-seeing eye despite a fold involv- 
ing the macula and a peripheral temporal 
traction retinal detachment. 


COMMENT 


The Multicenter Trial of Cryothera- 
py for ROP” has recommended trans- 
scleral cryotherapy to the avascular 
retina of at least one eye in infants 
with birth weights less than 1251 g 
who have threshold disease (five or 
more contiguous or eight cumulative 
clock hours of extraretinal fibrovascu- 
lar proliferation in zone 1 or 2 in the 
presence of plus disease) in both eyes. 
These recommendations are based on 
the preliminary 3-month report stat- 
ing that an unfavorable outcome oc- 
curred significantly less often in eyes 
undergoing cryotherapy (21.8%) than 
in untreated control eyes (43%). The 
immediate complications are well doc- 
umented in the trial’s report, with the 
most significant vision-threatening 
complications being retinal, prereti- 
nal, and vitreous hemorrhage. These 
complications occurred in approxi- 
mately 19.1% of eyes." 

The patients whose cases are 
reported herein demonstrate long- 
term complications not yet noted in 
the Multicenter Trial. In each patient 
a rhegmatogenous retinal detachment 
occurred 1 to 4 years after treatment 
in the eye treated with cryotherapy. 
In two of the three patients (cases 1 
and 3), the treated eye had been the 
better-seeing eye before retinal 
detachment developed. The retinal 
detachments were repaired by encir- 
cling scleral buckle procedures using 
scleral implants, external cryothera- 
py, and drainage of subretinal fluid. 
As these infants have a lower perfu- 
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sion pressure, care was taken during 
the procedure to ensure adequate reti- 
nal blood flow. Pressure on the eye 
with the cryoprobe was released 
between each cryotherapy applica- 
tion, scleral sutures were not tied 
until after draining subretinal fluid, 
and the central retinal artery was 
checked at frequent intervals 
throughout the procedure. Following 
repair, only one of the eyes had useful 
vision and was the better-seeing eye. 
In case 2, the eye treated by scleral 
buckling demonstrated no useful 
vision despite having an attached ret- 
ina, clear media, and a normal optic 
nerve. The fellow untreated eye had 
an attached retina with regressed 
ROP. This case points out that ana- 
tomic success in repairing these 
detachments is not necessarily visual 
success, and that vision can be poor 
due to other presumed causes such as 
photoreceptor degeneration, retinal 
pigment epithelial changes, ambly- 
opia, or other unrecognized causes." 
Case 3 had retrolental total retinal 
detachment after scleral buckling, 
and the untreated eye was the better- 
seeing eye despite having a retinal 
fold in the macula and peripheral 
temporal traction retinal detach- 
ment. 

The histopathologic findings of reti- 
nal vascularization and peripheral 
retinal developments in infants 
treated with cryotherapy are poorly 
documented. Consequently, the mech- 
anism of retinal break formation in 
these three patients remains specula- 
tive. The full-term neonatal eye is 
approximately 16.5 mm in anteropos- 
terior diameter with a transverse 
diameter of 20 mm." The diameter of 
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the eye in a 28-week gestation new- 
born measures approximately 13 mm 
in anteroposterior diameter and 15 
mm transversely.’* Our three patients 
were born at 27 to 28 weeks’ gestation 
and were treated at 12 to 14 weeks of 
age. Since transscleral cryotherapy 
creates a firm chorioretinal adhesion, 
we suggest that as the eyes grew 
toward the more normal adult length 
of 24 mm, the firmly attached treated 
retina was unable to stretch ade- 
quately. This subjected the junctional 
zone between treated and untreated 
retina to intolerable anteroposterior 
tractional forces, and retinal breaks 
resulted. In one of our three patients, 
there was a fenestrated preretinal 
membrane noted adjacent to the reti- 
nal break. Although there was no 
obvious traction present, vitreous and 
preretinal membranes as causative 
factors in retinal break formation 
cannot be ruled out. 

The purpose of this report is not to 
question or repudiate the findings of 
the Multicenter Trial. On the con- 
trary, the trial's design and methods 
are outstanding, and the information 
provided is invaluable. However, as 
the study's authors point out, the data 
presented are preliminary with only 3 
months of follow-up. 

Therefore, presumably rare late 
complications such as the rhegmato- 
genous retinal detachments reported 
herein are not discussed. We anxious- 
ly await the long-term anatomic and 
visual results as well as the treatment 
recommendations of this ongoing 
study. 
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. Noncontiguous Local Recurrence of Posterior Uveal 


Melanoma After Cobalt 60 Episcleral Plaque Therapy 


Jay S. Duker, MD; James J. Augsburger, MD; Jerry A. Shields, MD 


@ Four patients with posterior uveal 
melanomas treated by cobalt 60 episcier- 
al plaque therapy developed the intraocu- 
lar recurrence of choroidal melanoma at a 
site distant from and noncontiguous to 
their original lesions. Three of the four 
patients died of metastatic melanoma. 
The proportion of eyes with posterior 
uveal melanoma treated with cobalt 60 
brachytherapy who subsequently develop 
this type of local recurrence appears to 
be low (0.68%). 

(Arch Ophthalmol. 
1022) 


1989; 107: 1019- 


At the present time, one well-ac- 
cepted treatment of posterior 
uveal melanoma is radioactive epis- 
cleral plaque brachytherapy. In the 
months to years after application of a 
radioactive episcleral plaque, most 
irradiated melanomas are observed to 
undergo regression into an inactive 
“residual” mass that shows no clinical 
signs of continued growth. Over time, 
the majority of these residual lesions 
remain inactive." Approximately 
12% of the treated tumors, however, 
will show clinically demonstrable evi- 
dence of local relapse within 5 years. 
When such a local relapse occurs, it 
typically appears as an extension of 
the original lesion at one or more of 
its basal margins. Posteriorly located 
tumors and tumors with large basal 
dimensions appear to be most likely to 


+» show postirradiation local relapse 


after radioactive plaque therapy.’ 

In reviewing the records of all 
patients with choroidal and ciliochor- 
oidal melanomas treated initially by 
cobalt 60 episcleral plaque brachy- 
therapy on the Oncology Service at 
Wills Eye Hospital, Philadelphia, Pa, 
between May 1, 1976, and December 
31, 1986 (582 eyes), we encountered 
four instances of another, more 
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unusual type of postirradiation local 
tumor relapse. This previously unem- 
phasized form of tumor relapse is the 
development of a de novo, noncontig- 
uous, intraocular tumor recurrence. 


REPORT OF CASES 


Case 1.—A 77-year-old white woman 
was referred with a diagnosis of choroidal 
melanoma of the right eye. Three years 
previously, she had undergone laser thera- 
py for a subretinal neovascular membrane 
in her left eye secondary to age-related 
macular degeneration. Atrophic macular 
changes had been previously noted in the 
right eye. 

On examination, her best corrected 
visual aeuity was 6/7.5 OD and 6/120 OS. 
The results of anterior segment examina- 
tion were unremarkable. On fundus exami- 
nation, a ciliochoroidal melanoma measur- 
ing 17 X 15 mm in basal dimensions was 
present between the 7-o’clock and 11- 
o'clock meridians in the right eye (Fig 1), 
with an inferior bullous detachment of the 
sensory retina. Ultrasonography showed 
the thickness of the tumor to be 7.9 mm. 
Because of the poor vision in the contralat- 
eral eye, radioactive plaque therapy with a 
cobalt 60 episcleral plaque was recom- 
mended. This was carried out via a previ- 
ously described technique.’ 

Three months after treatment the tumor 
appeared to be regressing and measured 
5.5 mm in thickness on ultrasonography. 
The subretinal fluid had completely 
resorbed. Examination 6 months after 
treatment showed a similar appearance. 

One year after radioactive plaque appli- 
cation, a mild radiation-induced cataract 
developed, although the visual acuity 
remained 6/9. The previously treated tumor 
measured 4.7 mm in thickness on ultrason- 
ography; however, a second choroidal mass 
measuring 8 X 6 mm and 1.6 mm in thick- 
ness on ultrasonography was present near 
the equator, in the 6-o'clock position. Close 
observation was recommended. 

Three months later, the second mass 
measured 10 X 10 mm and was 3.5 mm in 
thickness on ultrasonography (Fig 2). 
Application of a second cobalt plaque was 
suggested, and despite elevated blood liver 
enzyme levels on preoperative testing, the 
patient elected to proceed with the second 
plaque application. Before its application, 
a radioactive phosphorus (phosphorus 32) 
uptake test was performed on the new 
lesion; the result was highly positive at 
317%. After this hospitalization, the 
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patient underwent liver biopsy, which 
demonstrated metastatic melanoma. The 
patient died of metastatic melanoma 4 
months later. 

CASE 2.—A 77-year-old white man was 
referred to the Ocular Oncology Service at 
Wills Eye Hospital because of a uveal 
melanoma detected on routine examina- 
tion. His past ocular and medical histories 
were unremarkable. 

On examination, a 4.5 X 4.0-mm, darkly 
pigmented choroidal lesion was noted in 
the right eye. Its inferotemporal margin 
was 6 mm from the optic nerve. Ultrason- 
ography confirmed the thickness at less 
than 1.0 mm. The lesion was labeled a 
suspect choroidal nevus, and close follow- 
up was recommended. 

On examination 18 months after the 
initial evaluation, significant growth was 
documented. At this time, the lesion mea- 
sured 15 X 11 mm, with a thickness of 6.3 
mm on ultrasonography (Fig 3). There was. 
an inferior serous detachment of the sen- 
sory retina associated with the lesion. An 
active choroidal melanoma was diagnosed, 
and, after the treatment options were dis- 
cussed, the patient chose to undergo radia- 
tion therapy via episcleral plaque applica-. 
tion. À cobalt 60 radiation plaque was 
employed. 

Three months later, the subretinal fluid 
had resorbed and the lesion was only 4.0 
mm thick ultrasonographically. Rapid re- 
gression continued, and 7 months after 
treatment it was measured to be only 2.3 
mm thick. The visual acuity remained 6/9 
at this time. 

Approximately 17 months after the 
applieation of the radioactive plaque, the 
patient noted a painless decrease in his 
vision over a period of weeks. The visual 
acuity at this time was 6/24 in this eye. On. 
examination, a new dilated episcleral ves 
sel was present temporally and a large. 
ciliochoroidal melanoma measuring 18 X 
16 mm in basal dimensions was detected in 
the inferotemporal aspect of the eye (Fig 
4). The previously treated posteriorly | 
located inferonasal tumor continued to- 
show a good regression pattern. On ultra- 
sonography, the new melanoma measured 
11.6 mm thick, while the first mass was- 
just 2.2 mm thick. The patient again- 
elected to undergo radiation plaque thera 
py, and a second cobalt 60 plaque wa 
used. um 
Six months after application of the gec-. 
ond plaque, liver metastases were detected. 
The patient died of metastatic melanoma 2 : 
months later. | 





Fig 1.— Case 1. Equator-plus photograph of the right eye showing Fig 2.— Case 1. Equator-plus photograph demonstrating spatial rela- 
location and extent of temporally located primary tumor. tionship between the two noncontiguous lesions. Arrows delineate the 
new, secondary lesion inferiorly. Note the substantial regression of the 
primary lesion after plaque radiotherapy. 





Fig 3.— Case 2. Appearance of original malignant neoplasm just before Fig 4.—Case 2. External photograph showing new, sentinel vessels 
treatment. Note extensive orange pigment on the surface. located temporally (black arrow). Secondary, inferotemporally located 
ciliochoroidal lesion is visible through the dilated pupil (open arrows). 





Fig 5.— Case 3. Original lesion located just nasal to the optic disc. Fig 6.— Case 3. Secondary melanoma located inferotemporally. 
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Fig 7.— Case 4. Histopathologic coronal section just anterior to the equator. Note the two 
distinct, multilobed melanomas with normal uveal tissue (black arrows) intervening. The original 
tumor (open arrows) has undergone significant shrinkage secondary to the radiation treat- 


ment. 


Clinical Findings in Patients With Noncontiguous Local Recurrence of 
Posterior Uveal Melanoma After Cobalt 60 Plaque Radiotherapy 


Melanoma Size, mm* 


Patient/Age, y/ 
Race/Sex 


Eye Primaryt Primaryt Secondaryt 


Treatment of 
Secondary 
Melanoma 


Interval, 


mo§ Follow-up 


1/77/W/F OS 17X79 16X 4.4 0 X 3.5 15 . Cobalt 60 3 mo|| 
2/77/W/M OD 15X63 14X2.2 18X 11.6 7 . Cobalt 60 6 mo|| 


3/40/W/F OD 14X9.3 14X 5.9 


4/67 /W/M OD 12X8.1 12X3.3 


8 X 1.5 


15 X 4.9 18 


14 lodine 125, 5y 
ruthenium 106 


Enucleation 6 mo|| 





* Largest tumor diameter, measured clinically, by thickness, measured ultrasonographically. 


1At time of treatment of primary tumor. 
At time of treatment of secondary tumor. 


§Between treatments of primary and secondary tumors. 


||Died of metastases. 


CasE 3.—A 40-year-old white woman 
with a history of amblyopia in the right 
eye was referred for a suspect choroidal 
lesion in the left eye. On examination, the 
visual acuity was 6/24 OU. The anterior 
segments were normal bilaterally. The 
fundus of the right eye was unremarkable. 
The left eye contained a large, pigmented 
choroidal lesion measuring 14 X 12 mm in 
basal dimensions, with a thickness of 9.3 
mm on ultrasonography (Fig 5). An inferi- 
or serous retinal detachment was present, 
extending into the fovea. Because of poor 
vision in the contralateral eye, the patient 
elected to undergo radioactive plaque ther- 
apy, 

On examination 1 year after treatment 
with a cobalt 60 plaque, vision had im- 
proved slightly to 6/18. The tumor mea- 
sured 6.4 mm in thickness on ultrasonogra- 
phy, but the subretimal fluid persisted. 
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Three months later (15 months after treat- 
ment), a new choroidal mass was noted 
temporally in this eye. It measured 3.5 X 
3.0 mm and was believed to have a thick- 
ness of 1.0 mm on clinical examination. 
This new lesion was labeled a suspect 
choroidal nevus, and close observation was 
recommended. At this visit, the original 
tumor measured 6.5 mm in thickness on 
ultrasonography. 

Over the next year, the new choroidal 
lesion was observed to show little or no 
interval change in size or appearance. 
Fourteen months after it was initially 
noted, however, it had enlarged to 8 X 7.5 
mm, with a thickness of 1.5 mm on ultra- 
sonography (Fig 6). At this point, a slowly 
enlarging melanoma was diagnosed and 
treated with an iodine 125 episcleral 
plaque. 

The lesion's size stabilized after applica- 
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tion of this second plaque until 4 years 
later, when the second tumor was detected 
to have enlarged further to 12 X 10 mm, 
with a thickness of 3.2 mm on ultrasonog- 
raphy. Again, the patient elected to under- 
go brachytherapy, and a third plaque, this 
time ruthenium 106, was used. 

After a total of 5 years of follow-up after 
the secondary melanocytic lesion was first 
detected, the patient had no known metas- 
tases. The original tumor measured 5.7 mm 
in thickness on ultrasonography, while the 
second mass had shrunk to 1.5 mm. The 
visual acuity remained 6/18. 

CasE 4.—A 67-year-old white man with 
an ocular history of a dacryocystorhinosto- 
my of the right eye was referred for evalu- 
ation of an intraocular mass lesion. His 
medical history was unremarkable. 

His best corrected visual acuity was 6/9 
OD and 6/5 OS. Results of anterior seg- 
ment examination were noteworthy for 
episcleral pigmentation of the right eye 
consistent with ocular melanocytosis. 
There was no iris heterochromia. Dilated 
fundus examination revealed a 12 X 10- 
mm ciliochoroidal melanoma occupying 
the temporal aspect of the right eye associ- 
ated with an inferior serous detachment of 
the retina. It measured 8.1 mm in thick- 
ness on ultrasonography. 

Six months after application of a 15-mm 
cobalt 60 plaque, the mass was 5.0 mm 
thick by ultrasonography, and the subreti- 
nal fluid had completely resorbed. The 
patient returned for follow-up again 18 
months after initial treatment, and the 
visual acuity had decreased to 6/24 OD. An 
early radiation-induced cataract was noted 
on slit-lamp examination. The original mel- 
anoma had regressed to only 3.3 mm in 
thickness on ultrasonography. A new, non- 
contiguous choroidal mass was now visible 
in this eye, however. It was a trilobed 
ciliochoroidal melanoma located nasally, 
measuring 15 X 8 mm, with a clinical thick- 
ness of 4 mm. On ultrasonography, the 
second melanoma's thickness was 3.9 mm. 

The patient elected to undergo enucle- 
ation. Pathologic examination showed two 
separate choroidal tumors (Fig 7). On his- 
tologic examination, both were of the 
mixed cell type with a preponderance of 
epithelioid cells. There was no extraocular 
extension. The patient died of metastatic 
melanoma 6 months after enucleation. 


COMMENT 


In the management of a posterior 
uveal melanoma with radiation thera- 
py, there exists the possibility that 
some viable tumor cells will survive 
the initial treatment and eventually 
proliferate within the eye. A recent 
report of a large series of patients 
treated with cobalt 60  episcleral 
plaques found that local tumor recur- 
rence was detected in approximately 
12% of cases over the first 5 post- 
treatment years. Although this ob- 
servation is bothersome, there is no 
evidence at this time that such local 
intraocular recurrence, per se, in- 
creases the risk of death from meta- 
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< static melanoma appreciably, when 
compared with a tumor size- and loca- 
. tion-matched group of patients who 
exhibited sustained local tumor con- 
.. trol? This presumably remains true as 
long as prompt secondary treatment 
. is administered to previously irradi- 
ated melanomas that show posttreat- 
. ment growth activity, as it is current- 
. ly believed that the risk of metastatic 
. disease increases with increasing size 
of the primary tumor. 

The four cases documented in this 
: report highlight, to our knowledge, a 
previously unreported type of intra- 
ocular tumor recurrence after plaque 
radiotherapy. All four eyes showed 
_ the de novo appearance and growth of 
. & choroidal or ciliochoroidal melano- 
. ma that developed within the same 
eye, in a location noncontiguous with 
the previously treated melanoma. 
Despite multiple previous examina- 
tions by experienced observers, no 
 melanocytic lesion was documented to 

occupy these locations at the time of 
initial irradiation in any of the four 
cases. The diagnosis of melanoma was 
confirmed pathologically in only one 
of these secondary tumors (case 4), 
whereas the other three recurrences 
were treated by repeated plaque 
radiotherapy. By the clinical appear- 
ance, size, and growth characteristics 
of the other three lesions, however, 

there was little question that they did, 
in fact, represent new choroidal or 
-ciliary body melanomas. The risk of 
-the development of such a de novo 
: secondary, noncontiguous melanoma 
in an eye previously treated with an 
 episcleral plaque appears to be quite 
. small. Of 586 consecutive eyes treated 
^with cobalt 60 plaques, we detected 
- only four such instances, yielding an 
overall proportion of 0.68%. 
Interestingly, all four of the origi- 
nal primary tumors exhibited what 
. would be considered a rapid response 
to the initial radiation therapy. A 
summary of the original lesions’ 
responses to treatment can be found 
. in the Table. Such rapid reduction in 
. tumor thickness is believed to be asso- 
ciated with a high incidence of death 
-from metastatic disease. This in- 
creased mortality may be due to the 
fact that more rapidly growing le- 
: sions usually contain more epithelioid 
cells. 
^. The occurrence of a secondary, non- 
contiguous melanoma may be associ- 
ated with a high risk of concurrent 
systemic metastases, as three of the 
four patients died of metastatie mela- 
noma soon after the diagnosis of their 
-secondary lesions. All four of these 
‘patients had primary tumors that, by 
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size characteristics alone, would have 
placed them at substantial risk for 
development of metastatic disease, 
even if the eyes had been enucleated 
primarily. Because of these character- 
istics of the primary lesions and the 
vanishingly small number of patients 
affected, the true consequence of the 
development of a local, noncontiguous 
tumor recurrence on overall mortality 
cannot be accurately assessed. 

Choroidal melanoma is usually con- 
sidered to be a slow-growing tumor. 
The rapid growth patterns exhibited 
by each of these secondary lesions 
represent rare exceptions to this 
observation. In all four cases, the sec- 
ondary tumors were observed to 
develop de novo in a period that 
extended from as little as 3 months to 
no longer than 18 months. In one 
instance (case 2), the secondary lesion 
grew so rapidly as to attain a size of 
18X16 mm, with a thickness of 11 
mm, in approximately 10 months. 
Such rapid growth of a choroidal mel- 
anoma de novo has been reported in a 
patient previously.' In that case, how- 
ever, the tumor was not of a recurrent 
nature. 

In an attempt to explain this 
observed tumor recurrence pattern, 
we note that all four patients had a 
substantial amount of subretinal fluid 
present before radiation treatment. In 
all four eyes, the new, secondary 
tumor developed in a region of uvea 
that was previously involved with 
overlying serous retinal detachment. 
Theoretically, viable tumor cells may 
have been released into the subretinal 
fluid, settling in an area of the eye 
distant to the original tumor, and 
subsequently proliferating. A second 
possibility is that these new melano- 
mas represent hematogenous spread 
to a different area of choroid. Support 
for this hypothesis comes from the 
observation that the three patients 
who died of metastatic disease all did 
so soon after their secondary tumors 
were noted. This temporal relation- 
ship suggests that hematogenous 
hepatic spread had already occurred 
in these patients not only before the 
detection of the secondary tumor but 
also before the treatment of the initial 
melanoma. Because of the unifocality 
of the secondary lesions, however, we 
believe hematogenous spread within 
the choroid to be an unlikely explana- 
tion. A third, also unlikely, hypothesis 
is that these secondary lesions repre- 
sent radiation-induced malignant 
neoplasms. 

Another possible explanation for 
this recurrence pattern is that these 
new tumors were second primary uve- 









al melanomas attributable neither to 
subretinal migration of tumor cells 
with distant choroidal implantation 
nor to radiation-induced neoplastic 
change, but rather to an underlying 
local or systemic susceptibility to uve- 
al melanoma formation. Such an 
explanation seems likely in patient 4, 
who had ocular melanocytosis. This 
congenital ocular hyperpigmentation 
is recognized as a potential risk factor 
for the development of uveal melano- 
mas.* Similar to our case 4, a patient 
with ocular melanocytosis who devel- 
oped two distinct melanomas simulta- 
neously in the same eye was reported 
previously.’ 

Since the occurrence of a noncontig- 
uous secondary melanoma is such a 
rare event, the best course of manage- 
ment for these tumors is not clear. 
This is especially true if the visual 
acuity remains good in the affected 
eye. The second, de novo melanoma 
can be treated with further radiation 
therapy, if medically indicated and 
preferred by the patient, as case 3 
illustrates well. It is theoretically pos- 
sible that the appearance of a second, 
noncontiguous posterior uveal mela- 
noma indicates an increased risk for 
the concurrent presence of either 
overt or subclinical systemic metasta- 
ses. Consequently, any treatment con- 
siderations for the secondary tumor 
should be tempered by this fact. 


This study was supported in part by The Heed 
Ophthalmic Foundation (Dr Duker); the Ocular 
Oncology Fund and the Oncology Research Fund, 
Wills Eye Hospital; and the Black Patch Invita- 
tional Golf Tournament, Downingtown, Pa. 
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Contamination of K-Sol Corneal Storage Medium 





| With Propionibacterium acnes 


| CPT Erie A. Sieck, MC, USA; MAJ Robert W. Enzenauer, MC, USA; 
LTC F. Michael Cornell, MC, USA; Chff Butler, MS 


e K-Sol is a widely used corneal pres- 
ervation medium. it has an excellent 
record for corneal storage and no previ- 
ous report of contamination. During Sep- 
tember 1988, on five of our K-Sol-stored 
donor rims Propionibacterium acnes 
grew. Cultures of unopened K-Sol also 

$ yielded P acnes. This report reviews pre- 

* vious contaminations of corneal storage 

media and the special characteristics of P 

acnes that enabied it to survive precau- 

tions taken against infection. The detec- 

tion of P acnes was not obvious, and we 

emphasize the need for appropriate cul- 

- turing of all donors, both aerobically and 

anaerobically, and close scrutiny of 

- delayed inflammation in postoperative 
patients. 

(Arch Ophthalmol. 
1024) 


1989; 107: 1023- 


P (Corneal storage media are rich, 
i nutritive solutions designed to 
^ preserve corneal tissue for transplan- 
—.. tation. These products are used exten- 
sively worldwide. It is remarkable 
that mixtures of this nature are so 
rarely infected. Two isolated episodes 
of bacterial infections have been 
reported in McCarey-Kaufman (M-K) 
solution. To our knowledge, ours is the 
first report of a widespread contami- 
nation in K-Sol tainted with Propion- 
ibacterium acnes. This organism has 
the unusual characteristics necessary 
to enable it to elude the antibiotics 
. and survive the storage process. It is 
- becoming recognized as a significant 
= ocular pathogen. There have not been 
manifestations of frank infection in 
these patients so far, and owing to 
prompt corporate action, all poten- 
tially contaminated lots have been 
recalled. 
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REPORT OF CASES 


During the first 2 weeks of September 
1988, in five of seven corneal transplanta- 
tions performed by one of us (F.M.C.), 
positive cultures of the donor rim devel- 
oped. The standard practice at the Fitzsi- 
mons Army Medical Center, Aurora, Colo, 
ophthalmology service is to culture the 
donor corneoscleral rim for aerobic and 
anaerobic bacteria, as well as fungi. The 
mierobiology section diligently checks all 
anaerobic eultures for a full 2 weeks. It was 
during the third week of September that it 
became evident that a slow-growing, 
anaerobic, gram-positive rod was present 
in five of the donor rim cultures. These 
colonies were identified as P acnes, a com- 
mon skin or gastrointestinal tract inhabit- 
ant. 

Careful review of donation technique 
followed. All eyes were enucleated within 6 
hours of death and immediately bathed in 
Neosporin (bacitracin zinc, neosporin sul- 
fate, and polymixin B sulfate). The cor- 
neoscleral rims were removed and placed 
in K-Sol with gentamicin sulfate. These 
were stored at 4°C. All tissue was trans- 
planted within 1 week. None of the tissue 
or solutions appeared suspicious for con- 
tamination, and the phenol red indicators 
were unchanged. No donors had conclusive 
histories of sepsis. The manufacturer was 
contacted to report this cluster of microbi- 
al growth. Within 1 week, they reported 
growth of P acnes sporadically in two lots 
of unopened K-Sol. Owing to the variable 
contamination pattern, four lots of K-Sol 
were recalled. 

The five patients all had penetrating 
keratoplasties within a 1-week period. 
Three were for pseudophakic bullous kera- 
topathy with previous intracapsular cata- 
ract extraction and anterior chamber 
intraoeular lenses. None of these had 
manipulations of the intraocular lenses. 
One penetrating keratoplasty was for her- 
pes simplex corneal scarring and had com- 
bined extracapsular cataract extraction 
and posterior chamber intraocular lens 
implantation. The fifth patient underwent 
the procedure for keratoconus. Now, at 
least 2 months postoperatively, all patients 
are doing well. Specifically, there is no 
clinical suspicion of postoperative endoph- 
thalmitis in any of them. 


COMMENT 


Tissue culture medium has evolved 
over the past two decades. The wide- 
spread use of MK medium followed its 
description in 1975.' The original solu- 































tion was a mixture of dira: tissu 
culture medium 199, penicillin, an 
streptomycin? The medium was rec 
ommended for storing corneoscleral 
rims at 4?C. | 
Contamination of the solution: tae 
rare despite reports of cultures taken 
from donor eyes showing a wide var 
ety of potential pathogens.’ (Of inte: 
est to this report, diphtheroids were. 
present on 60.8% of donor eyes in that 
study.) The potential contamination 
of the solution is prevented by treat 
ing the donor globe with Neospori 
before placing the corneoscleral rim 
into the M-K solution.’ Accepting 
eyes from septic donors has been dem- 
onstrated to increase contamination 
of the tissue.5 However, accepting eyes 
from donors supported by mechanical 
ventilation has not been associated 
with a higher rate of positive corneo- 
scleral rim cultures.’ : 
Two reports of contaminated M-K 
solution leading to ocular infection 
have been reported. ? The first was 
with Flavobacterium | meningosepti- 
cum, resulting in endophthalmitis,* 
and the second was by Staphylococci 
aureus, resulting in keratitis.” Th 
authors proved that the source of th 
infection was the corneal storag 
medium. This, in part, led to the sub 
stitution of the broader-spectrui 
gentamicin for streptomycin. The saf 
widespread use of M-K with gentami- 
cin has continued for years. i 
Two groups had doubts about the 
effectiveness of antibiotics in the M-K 
solution at 4?C.'*" They believed that 
at 4°C bacterial replication is so slow 
that the antibioties are unable to 
inhibit growth adequately. One study 
showed gentamicin to be effective 
against S aureus and Pseudomonas at 
4°C in M-K solution," but only those. 
two organisms were tested. Experi- 
mental evidence suggests that storing 
donor corneas in gentamicin-enriched 
M-K medium actually does inhibit the 
growth of bacteria acquired at. the 
time of surgery." | 
Longer corneal storage was 
achieved with the advent of K-Sol.^ In 
this mixture, 2.5% chondroitin sulfate 
is used instead of dextran. The tissue 
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culture medium 199 and 100 ug of 
= gentamicin are unchanged. At 4°C, 
Storage for up to 2 weeks is possible 
' without significant untoward effects 
. on the endothelium of the graft or 
.. ultimate surgical success.'^"' A report 
< by Saggau et al suggested that 
. longer storage times might favor the 
- growth of organisms not susceptible 
to gentamicin. Their study involved 
fungi inoculated into K-Sol with gen- 
tamicin and stored at 4?C. There was 
instead a 659» reduction of fungi. 
Even though not substantiated with 
. this fungi experiment, the same theo- 
ry would apply to a bacterium, if that 
. organism were a slow-growing anaer- 
obe resistant to gentamicin. 
Propionibacterium acnes is a gram- 
positive rod, although it can be pleo- 
morphic. It is anaerobic and very slow 
growing. It is common on the skin and 
in the gastrointestinal tract. Over the 
past two decades it has been estab- 
- lished as an ocular pathogen, impli- 
cated in keratitis, blepharitis, canalic- 
ulitis, orbital cellulitis, and endoph- 
thalmitis.? Propionibacterium acnes 
is susceptible to most common antibi- 
oties but resistant to gentamicin.” 
Propionibacterium acnes infection 
has been reported after ocular trau- 
ma^? and intraocular surgery.^? 
There has only been one report of P 
acnes infection after penetrating ker- 
atoplasty.^ The clinical presentation 
has been either that of acute endoph- 
thalmitis? or a low-grade inflamma- 
tion, delayed for up to 7 months after 
surgery.” It has a propensity for the 
. lens capsule?" and intraocular 
 lenses,?? causing some authors to 
describe it as causing a "localized" 
endophthalmitis. Exacerbation has 
` been reported after neodymium-Y AG 
 eapsulotomy,"-?" theoretically be- 
cause a path was created to the vitre- 
ous. Two theories as to the pathogene- 
gis of the organism exist. In other 
. body sites, this organism incites a 
- granulomatous inflammation. This 
mechanism is also possible in the ocu- 
lar setting. The other hypothesis is 
. that this bacterium acts as an adju- 
~ vant to lens protein, helping to incite a 
. lens protein hypersensitivity reac- 
 tion.7? Regardless of pathogenesis, 
this organism can create a delayed, 
- low-grade inflammation, often mis- 
>- taken to be "sterile." The outcome, if 
-the diagnosis is missed, can be devas- 
tating. 
. This brief report is of an unusual 
- occurrence, contamination of a corne- 
- al storage medium. Before the use of 
. antibiotics in tissue culture media, a 
. 296 infection rate was reported. ^ Now 
it is a true rarity. The current formu- 
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lation of corneal storage media makes 
colonization with anything but unusu- 
al pathogens unlikely. However, our 
experience demonstrates that an 
anaerobic bacterium resistant to gen- 
tamicin, such as P acnes, can readily 
survive the rigorous precautions. This 
raises the question of the advisability 
of using gentamicin as the only antibi- 
otie in K-Sol and as the only subcon- 
junctival postoperative antibiotic. The 
addition or substitution of another 
antibiotic with a broad spectrum of 
activity against both aerobic and 
anaerobic organisms needs to be 
investigated. 

Our experience confirms that of 
others suggesting that increased 
attention must be given to the micro- 
biologic workups of donor corneas.” 
Obviously, it is important to culture 
vigorously for aerobes, anaerobes, and 
fungi and to wait long enough for the 
growth of all potential pathogens. 
Clearly, the results of the cultures will 
be back long after the procedure, but 
the information is invaluable. The 
postoperative course can be scruti- 
nized and seemingly sterile inflamma- 
tion dealt with appropriately. 
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Identification and Significance of 


Multinucleate Tumor Cells in Retinoblastoma 


Martha A. Howard, AB; Thaddeus P. Dryja, MD; David S. Walton, MD; Daniel M. Albert, MD 


€ Muitinucieate tumor cells were 
. Observed in a case of a retinal tumor 
" suspected to be a retinoma (retinocyto- 
ma). On electron microscopy, these cells 
had characteristics of retinoblastoma. 
Similar cells were observed in an irradi- 
ated model of retinoblastoma grown in a 
nude mouse. We suggest that the pres- 
. ence of these celis indicates differentia- 

tion and/or regression of the tumor. 
{Arch Ophthalmol. |. 1989;107:1025- 

1030) 


etinoblastoma is a rare childhood 

ae tumor caused by somatic or ger- 
minal mutations at the Rbl locus 

. found within human chromosome 

» band 13q14. Approximately 1% of ret- 
 inoblastoias will spontaneously re- 
gress.' A distinction has been drawn 
between two clinical appearances 
grouped under the heading of tumor 
regression of retinoblastoma. In this 
first type of spontaneously regressed 
tumor, the patient often presents clin- 
ically with a blind, phthisical eye, and 
histologic examination reveals dense 
calcification of the tumor with nests 
of calcified tumor cells. The calcified 
tumor cells may be surrounded by 
.. necrotic tumor cells if the enucleation 
shortly followed the onset of phthisis 
bulbi, or by fibrous connective tissue 
or osseous tissue if the enucleation 
was delayed following the onset of 
phthisis bulbi?^* The most common 
explanation for the development of 
.phthisis bulbi is that the tumor out- 
grows its vascular supply and then 
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necrosis and intraocular inflamma- 
tion follow.’ 

In the second type, called a reti- 
noma or retinocytoma, a patient 
presents clinically with a functional 
eye and a characteristic ophthalmo- 
scopic picture of a translucent mass, 
with opaque white calcified flecks 
having the appearance of cottage 
cheese. The tumor may also show 
areas of hyperpigmentation that are 
due to retinal pigment epithelial 
migration and proliferation.* The his- 
tologic appearance of this type has 
been variously described as con- 
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taining “differentiated neurons, 
“benign-appearing cells exhibiting 
photoreceptor differentiation, * or 


"benign-appearing cells in a bed of 
well-vascularized ground substance 
with calcific foci.” 

Gallie et alt believe that these 
tumors are the result of failed pro- 
gression of the tumor rather than 
regression. Based on Knudson's “two- 
hit" hypothesis of carcinogenesis, 
they believe that a second mutation in 
a partially differentiated cell could 
lead to a benign hyperplastic nodule 
of differentiated cells. Alternatively, 
it has been suggested that the mecha- 
nism is one of cellular maturation of a 
retinoblastoma, as occurs during the 
transformation of a neuroblastoma to 
a ganglioneuroma.'*!? 

We present herein an unusual find- 
ing of multinucleate tumor cells in a 
retinoblastoma from a child who was 
first examined at 2 years 4 months of 
age. In an experimental murine model 
for retinoblastoma, we observed simi- 
lar tumor cells after tumors were 
treated with proton beam irradiation. 
On the basis of electron microscopy 
and immunoperoxidase studies, we 
suggest that these are large, multinu- 
cleate tumor cells (MNTCs). These 
observations and our review of the 
literature lead us to believe that these 
cells may be a histopathologie corre- 









































late of tumor differentiation and/or. 
regression. 


REPORT OF A CASE 


The patient's mother noted a yellow . 
reflex from the patient's left eye when the © 
child was 6 days old. A left esotropia was - 
observed at 2 to 3 months of age. In- 
retrospect, family photographs taken at 12 
and 14 months of age clearly show leukoco- 
ria of the left eye. 

When the child was 2 years 4 months old. 
she was examined by an ophthalmologist 
who found that she was unable to fix and 
follow with her left eye. The physician 
observed a white mass of the posterior pole 
that obscured any view of the disc. The 
tumor was white opaque. A large amount : 
of calcification was present within the- 
tumor, as well as heavy pigmentation - 
around the border of the lesion. A com- ` 
puted tomographie scan of the orbit. 
revealed an intraocular mass with calecifi- - 
cations. The diagnosis of benign retinoma ^ 
or retinocytoma was considered because of 
the appearance of the tumor and its histo- 
ry of slow growth. However, because of the 
proximity of the tumor to the optic nerve - 
head, it was feared that if the tumor were a 
retinoblastoma, it would soon invade the 
optic nerve. Consequently, the eye was 
enucleated when the child was 2 years 7. 
months old. No change in the tumor had - 
occurred during the 4 months of observa. 
tion between initial diagnosis and enucle- - 
ation. P 

Examination of the sectioned Hiie $ 
revealed a heavily calcified, intraocular- 
tumor arising from the retina. On a miero- - 
scopic section the tumor measured 7 mm at . 
the base and 4 mm in height. The tumor - 
was attached to the optic nerve head but - 
did not invade the nerve. The tumor con- 
tained Flexner-Wintersteiner rosettes, cal- - 
cifications, and necrotic cells (Table 1). The : 
mononuclear tumor cells had small, dark . 
blue, uniform nuclei. mE 

A striking feature of this tumor was that- 
it contained MNTCs. These tumor cells had . 
a moderate amount of eosinophilic eyto-. 
plasm, much more than is typical for reti- 
noblastoma cells. The cells contained one 
to six nuclei that were larger than the 
usual size for retinoblastomas, and some 
nuclei were crescent shaped (Fig 1). The 
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Table 1.— Summary of 
Pathologic Features * 


Tumor 
From 
Case Study 


Multinucleate 
tumor cells 
Calcium 
Necrosis 
Rosettes and 
fleurettes 





* . . . . . 
Plus sign indicates present; minus sign, 
absent. 


outer retina showed multiple foci of retinal 
dysplasia. The cornea, iris, ciliary body, 
angle structures, lens, and sclera were 
unremarkable. The choroid and retina 
were artifactitiously detached. The optic 
nerve showed segmental atrophy. 

Immunologic staining of tumor sections 
revealed that both mononucleate and mul- 
tinucleate cells stained positively for neu- 
ron-specific enolase. Glial fibrillary acidic 
Fig 1.—Multinucleate tumor cell from the patient. Note crescent-shaped nuclei in some cells protein was present in stromal elements 
(hematoxylin-eosin, original magnification X315). within the retinoblastoma. 

Electron-microscopic examination re- 
vealed numerous MNTCs and giant tumor 
cells (Fig 2). The nuclei contained small 
nucleoli, finely dispersed chromatin, 
invaginations of the nuclear surface, and 
triple membrane structures involving the 
^ LU, à; ` nuclear envelope. There were also occa- 
; sional pyknotic nuclei in the MNTCs. In the 
cytoplasm there were microtubules, neuro- 
secretory granules, annulate lamellae, and 
centrioles, as well as short branches of 
rough endoplasmic reticulum, ribosomes, 
mitochondria, Golgi's complexes, auto- 
phagic vacuoles, and lysosomes (Table 2). 
In addition, there were fleurettes with 
microtubules, mitochondria, cilia, and 
intercellular attachments consisting of 
zonula adherens (Fig 3). 


MATERIALS AND METHODS 


Human Y-79 retinoblastoma cells were 
implanted subcutaneously into the athym- 
ic mouse (NCI nu/nu), a variation of the 
intraocular model described by Gallie and 
coworkers." The experiment was carried 
out with cells successively transplanted in 
the eighth passage of nu/nu (nude) mice. A 
cell suspension was prepared from a subcu- 
taneous tumor removed aseptically from 
the dorsal scapular region of an athymic 
mouse. Cells were counted using a hemocy- 
tometer. 

An aliquot of 1.0 X 10’ cells suspended in 
0.60 mL of serum-free (Ham’s F-12) medi- 
um was injected subcutaneously into the 
dorsal scapular region of each mouse using , 
a 22-gauge needle. The nude mice were 
maintained with sterile food and water, in 
isolator-capped cages at 28°C and approxi- 
mately 2575 humidity. 

The first detectable evidence of tumor 
occurred 14 to 21 days after inoculation. 
The tumors grew progressively to reach an 
average diameter of 15 mm within 14 to 22 
days after the appearance of a nodule. 

Irradiation was performed on tumors 
that had a diameter of 12 to 15 mm. 
Athymic mice (average weight, 20 g) were 





Fig 2.—Multinucleate tumor cell from the patient. Note dense clumped chromatin (C) and small 
nucleoli (NL). The cytoplasm contains a pyknotic nucleus (arrow), autophagic vacuoles (V), and 
numerous mitochondria (M) (uranyl acetate-lead citrate, original magnification X5070). 
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Fig 3.—Fleurettes from the patient contain microtubules (arrows), mitochondria (M), and cilia (C), 
with intercellular attachments composed of zonula adherens (ZA) (uranyl acetate-lead citrate, 
original magnification X 10 920). 


anesthetized with the subcutaneous injec- 
tion of a 1:1 ketamine-pentobarbital solu- 
tion (ketamine hydrochloride [Ketalar], 
100 mg/kg of body weight; lidocaine hydro- 
chloride [Xylocaine] 20 mg/kg of body 
weight; and pentobarbital sodium [Nembu- 
tal] 4 mg/kg of body weight). The mice 
were handled with sterile gloves and 
instruments at all times. A cyclotron gen- 
erated a beam of 160-megaelectron volt 
protons. The beam was 22.5 mm in diame- 
ter. The Bragg peak was spread out with a 
rotating range modulator wheel, producing 
a homogeneous dose distribution from the 
surface of the tumor to 20 mm deep. With 
this arrangement, the entire tumor was 
(irradiated, while there was no irradiation 
of adjacent vital organs. Tumors were 
treated at single doses of 17.59 Gy. The 
mice were killed 72 hours after treatment, 


and the tumors were removed and fixed in. 


0.5% glutaraldehyde-2% formaldehyde 
solution for 4 hours. Each tumor was then 
washed in 0.1 mol/L of phosphate buffer 
and postfixed in 1% osmium tetroxide in 
0.1 mol/L of phosphate buffer. After dehy- 
dration and infiltration, each specimen 
was embedded in epoxy resin. Ultrathin 
sections were cut with a diatome diamond 
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knife on an ultramicrotome and stained 
with uranyl acetate-lead citrate. The sec- 
tions were examined by electron micro- 
scope using 80 kV of accelerating voltage 
and a 50-um objective aperture. 


RESULTS 


By light microscopic examination, 
the subcutaneous retinoblastoma tu- 
mor from the murine model showed 
calcifications, necrotic tumor cells, 
and tumor cells with pyknotic nuclei 
embedded in calcium. There were 
large areas containing viable retino- 
blastoma cells and MNTCs (Fig 4). 
Immunoperoxidase staining indicated 
that the MNTCs contained neuron- 
specific enolase but not glial fibrillary 
acidic protein. 

The irradiated tumors showed 
numerous MNTCs (Fig 5). The nuclei 
revealed fine dispersed chromatin, 
and the nuclear surface often dis- 
played marked indentations as well as 
triple membrane structures involving 
the nuclear membrane. The cytoplasm 
contained microtubules, annulate la- 


mellae, and neurosecretory granules. 
There were also cilia, centrioles, short 
branches of rough endoplasmic reticu- 
lum, ribosomes, mitochondria, and a 
few lipid droplets (Table 2). Necrotic 
cells, calcium deposits, and fibrous 
material were also observed (Fig 6). 


COMMENT 


Giant cells in tumors fall into two 
categories: histiocyte-derived cells as 
in xanthomas and giant cell tumors, 
and neoplastic cells whose nuclei 
resemble those of tumor cells. The 
latter type can be further subdivided 
into treatment-induced and naturally 
occurring cells. Giant cells and 
MNTCs have been described in 
untreated rhabdomyosarcoma,” lipo- 
sarcoma,” and malignant fibrous his- 
tiocytoma," as well as in a number of 
other nonophthalmologic tumors." 
Herein we report both naturally 
occurring and  treatment-induced 
MNTCs in retinoblastoma. The pres- 
ence of these cells represents an 
unusual finding in the pathology of 
retinoblastoma. A review of the liter- 
ature provides observations relevant 
to the finding of giant cells in retino- 
blastoma. 

Multinucleate tumor cells have been 
observed in other tumors following 
treatment with chemotherapy and 
radiotherapy. Vincristine and cyclo- 
phosphamide produced cell death and 
cytotoxic changes including giant cells 
with multilobulated nuclei and abun- 
dant cytoplasm in a human adenovi- 
rus 12-induced retinal tumor cell line 
in syngeneic rats.'* In a controlled in 
vivo study of gliomas, an increase in 
the number of “giant and monstrous 
cells” was observed in a group treated 
with carmustine and radiation, com- 
pared with untreated controls.” 
Kobayashi et al! and Willson and 
Duffy” suggested that the giant cells 
in each case had arisen from drug- 
induced inhibition of tumor cell divi- 
sion at the late mitotic phase. Giant 
cell variants of leukemia cells have 
been reported in tissue culture after 
treatment with busulfan. The giant 
cells degenerated after a few days of 


treatment.” In these instances the 


giant cells appeared unable to under- 
go mitosis. 

The suggestion that giant cells 
appear to be an end stage for some 
tumor cells before cell death is sup- 
ported by a study by Puck and Mar- 
cus”! in which x-irradiated HeLa cells 
formed giant cells that were never 
seen to divide. In addition, giant cells 
and MNTCs have been described in 
small-cell lung carcinoma following 
radiotherapy.” The literature sup- 
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Fig 4.—A multinucleate tumor cell from the model tumor (original 


magnification X315). 


ports the idea that chemotherapy- 
and radiotherapy-induced giant cells 
and MNTCs have lost the ability to 
divide. 

The only previous mention we found 
of giant cells in retinoblastoma was 
by Tso et al,? who studied retinoblas- 
tomas treated with radiation. Owing 
to uncontrolled tumor growth, the 
eyes were enucleated. They observed 
giant tumor cells intermingled with 
cells with photoreceptor differentia- 
tion and with undifferentiated retino- 
blastoma cells in four enucleated eyes. 
They suggested that "such differenti- 
ated tumor cells may, under certain 
circumstances, become malignant 
again. The histopathologic pattern of 
the tumors [described] may reflect 
such changes." We have observed 
similar MNTCs in a child and in a 
model tumor. However, we believe 
that the MNTCs signal a transition in 
the tumor toward differentiation 
and/or regression rather than toward 
malignancy. 

It should be noted that many of the 
ultrastructural features found in reti- 
noblastoma cells were present in the 
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multinucleate giant tumor cells (Ta- 
ble 2). Neurosecretory granules* and 
microtubules,? both observed in the 
MNTCs from the patient's tumor and 
the model tumor, have been observed 
to be prominent features of retino- 
blastoma cells. 

Furthermore, cilia,” triple mem- 
brane structures,” and annulate 
lamellae,” also characteristic of reti- 
noblastoma, were also present in 
MNTCs from both tumor specimens. 
Although individually these ultra- 
structural features are not unique to 
retinoblastoma cells, together they 
represent a constellation characteris- 
tic of retinoblastoma. The collective 
appearance of these features in the 
MNTCs suggests that they are consis- 
tent with retinoblastoma cells. 

Retinoblastoma cells have been 
shown to react with antibodies to neu- 
ron-specific enolase.” Therefore, 
positive neuron-specific enolase stain- 
ing of the MNTCs from the patient 
and from the model tumor provides 
additional support that these cells are 
of neuroectodermal origin. 

While the electron microscopy and 


Fig 5.—A multinucleate tumor cell from the irradiated model tumor. 
Note invagination of the nuclear membrane (arrow) and a small 
nucleolus (NL). In the cytoplasm there are mitochondria (M), auto- 
phagic vacuoles (V), lysosomes (L), and rough endoplasmic reticulum 
(ER) (uranyl acetate-lead citrate, original magnification X 10 790). 


immunopathologic studies establish 
that the MNTCs from the patient and 
model tumor are of retinoblastoma 
cell origin, the electron and light 
microscopy shed light on the patho- 
logic process encountered in the 
patient. Pyknotic nuclei were seen by 
electron microscopy within MNTCs 
(Fig 4), perhaps predicting the demise 
of the MNTCs. The histologic findings 
of small, uniform nuclei embedded 
within an eosinophilic ground sub- 
stance is similar to the appearance of 
cells in two previous reports describ- 
ing the pathology of retinocytomas or 
retinomas.'^? The appearance of fleur- 
ettes (Fig 5) is consistent with a past 
histologic description of retinomas.*, 
Furthermore, foci of necrotic tumor 
and calcifications, as were seen in the 
tumor from the patient, are more 
often present in benign than malig- 
nant tumors.’ The pathologic analysis 
supports the idea that the tumor from 
the patient has features of a différen- 
tiated and nonprogressive tumor, a 
retinocytoma. 

Ellsworth? has studied tumor 
regression following external beam 
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Fig 6.—An area of the 
irradiated model tumor 
showing a pyknotic nu- 
cleus (N), calcium de- 
posits (C), and fibrous 
material (F) (uranyl ace- 
tate-lead citrate, original 
magnification X 10 790). 


The 
tumors can have three radiation 


radiation of  retinoblastoma. 
regression patterns: the cottage 
cheese pattern, the differentiated pat- 
tern, and the mixed pattern. The cot- 
tage cheese appearance, which one 
sees in the first and last pattern men- 
tioned, is thought to be composed of 
calcium and DNA from necrotic 
tumor cells.” The irradiated tumors 
from the nude mice were noted on 
histologic examination to have areas 
of calcium, necrotic tumor cells, and 
tumor cells embedded in calcium. The 
histologic appearance of the irradi- 
ated tumor is consistent with that of 
human tumors undergoing radiation 
regression. We therefore suggest that 
the MNTCs seen in this model tumor 
are a feature of tumors undergoing 
regression. 

The role of the giant mononuclear 
cells and MNTCs seen in the clinical 
spectrum of diseases remains to be 
defined. The mechanism of MNTC for- 
mation is unknown; however, two dis- 
tinct processes could account for their 
development: cell fusion or nuclear 
division without cytokinesis. In the 
former mechanism, surface properties 
are altered in tumor cells," and the 
disorder introduced into the mem- 
brane could predispese it to interact 
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and fuse with another membrane in a 
number of ways. A change in the 
electrostatic properties of the mem- 
brane could allow the cells close 
approximation, which facilitates fu- 
sion.? Cell fusion occurs only with a 
cell coat thickness decreased to less 
than 3.5 nm, which could be produced 
by extracellular enzymatic digestion, 
again allowing close approximation of 
two membranes.? In the latter mecha- 
nism, nuclear division without cell 
separation usually proceeds with the 
formation of a single mitotic spindle, 
resulting in a single hyperdiploid 
nucleus.” 

The concurrence of both mecha- 
nisms could explain the appearance of 
the unusual cells observed in the reti- 
noblastoma from the child. The single 
large, crescent-shaped nucleus in 
some of the tumor cells could repre- 
sent a hyperdiploid nucleus formed by 
nuclear division without cell separa- 
tion. On the other hand, since the 
MNTCs contain many nuclei by defi- 
nition, they are probably the result of 
cell fusion. 

We are uncertain whether MNTCs 
and giant cells can be a sign of retino- 
cytoma, tumor regression, or both. 
The case discussed herein provides 
evidence that they are a feature of 


retinocytoma, yet the irradiated 
tumor model shows the same cell 
types in regressing tumors. The abili- 
ty to produce MNTCs experimentally 
should aid in further understanding 
the significance of these unusual cells 
in retinoblastomas. 


This study was supported by National Eye In- 
stitute (Bethesda, Md) grant EY01917 (Dr 
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technical expertise in preparing the electron- 
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CORRECTION 


Incorrect Figure Placement.—In the article entitled “Silicone Oil for Progres- 
sive Anterior Ocular Neovascularization After Failed Diabetic Vitrectomy,” 
published in the May 1989 ARCHIVES (1989;107:677-682), the top left and bottom 
portions of Fig 5 were switched. The figure and legend should have appeared as 


shown below. 





Fig 5.—Progression of anterior segment neovascularization after silicone oil injection. Top left, Eye of patient 3 immediately 
after subtotal iridectomy, revision of vitrectomy, augmentation panretinal endophotocoagulation, endocyclophotocoagulation, 
and silicone oil injection for neovascular glaucoma and vitreous hemorrhage following two previous vitrectomy procedures for 
diabetic traction macular detachment. Top right, Same eye with fibrinoid response-causing segmentation of the silicone oil 
bubble in the early postoperative period. Bottom, Same eye 6 months after silicone surgery. Despite sustained posterior 
retinal attachment, the eye developed a vascularized cyclitic membrane and a ‘‘pseudopupil.”’ e 
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Primary Orbital Neuroblastoma 


John D. Bullock, MD, MS; Stuart H. Goldberg, MD; Steven M. Rakes, MD; 


David S. Felder, MD; Patrick J. Connelly, MD 


e A 35-year-old man had a primary 
neuroblastoma of the left orbit. Histopath- 
ologically, the tumor was composed of 
uniform small round cells containing argy- 
rophilic granules arranged in nests and 
cords with pseudorosettes, Homer-Wright 
rosettes, and a fine fibrillary background 
matrix. Immunohistochemical staining for 
chromogranin was positive. Electron 
microscopy showed small (108- to 173- 
nm) dense core granules. Eight years 
after surgery and radiation therapy the 
patient was free of local recurrence and 
metastases. To our knowledge, primary 
orbital neuroblastoma has been reported 
only once previously. Neuroblastoma, 
which occurs most frequently in children 
and has an incidence in the United States 
of 500 cases annually, is a distinctly 
unusual tumor in adults. 

(Arch Ophthalmol. 
1033) 
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euroblastomas are tumors com- 

posed of poorly differentiated 
nerve cells thought to arise from neu- 
ral crest ectoderm. Although it is the 
most common extracranial solid 
malignant neoplasm in children, neu- 
roblastoma is a rare occurrence in 
adults. The overwhelming majority 
of patients with neuroblastoma are 
younger than 2 years of age.™ There 
are an estimated 500 cases diagnosed 
annually in the United States with 
only about 10% of these cases occur- 
ring in patients older than 19 years of 
age) Two recent publications each 
reported three cases of adult neuro- 
blastoma and reviewed the litera- 
ture.'* These authors were able to find 
a total of 47 adult cases reported in 
the literature. Including the recent 
report by Jakobiec et al^ of a primary 
orbital neuroblastoma, 54 cases of 
neuroblastoma in adults have been 
reported. Orbital neuroblastoma most 
commonly occurs as a metastasis in 
children, in whom it is the most com- 
mon metastatic orbital tumor and the 
*second most common orbital malig- 
nant neoplasm.* 
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This article describes an adult 
patient with primary orbital neuro- 
blastoma. To our knowledge, primary 
orbital neuroblastoma previously has 
been reported on only one occasion.‘ 


REPORT OF A CASE 


A 35-year-old white man consulted his 
family physician for redness of the left eye. 
Results of a general physical examination 
disclosed no other abnormalities. He was 
subsequently treated for conjunctival 
inflammation. He returned 1 year later 
with proptosis and persistent hyperemia of 
the left eye. The patient reported 
decreased vision in the left eye with 
extreme left lateral gaze. He denied pain, 
headache, or nasal symptoms. 

Examination revealed a best corrected 
visual acuity of 20/20 OD and 20/25 OS. 
The vision in the left eye decreased to only 
light perception on extreme left gaze. The 
left eye showed dilated conjunctival and 
episcleral vessels nasally; 6 mm of left eye 
proptosis was measured (Fig 1). There was 
marked resistance to retropulsion of the 
left globe. A relative afferent pupillary 
defect was present on the left in primary 
gaze. Abduction and adduction of the left 
eye were moderately decreased. The intra- 
ocular pressure in the right eye was 23 mm 
Hg. The intraocular pressure in the left eye 
was 21 mm Hg in primary gaze, but it rose 
to 28 mm Hg on right gaze and to 50 mm 
Hg on left gaze. The left optic disc was 
slightly edematous. No orbital bruits were 
noted. Contact B-scan ultrasonography 
revealed a posteromedial orbital mass. 
Computed tomography demonstrated a 
large superomedial left orbital mass. 
There was no evidence of a mass in the 
sinuses, nasal cavities, or intracranial cav- 
ities (Fig 2). 

A lateral orbitotomy was subsequently 
performed and revealed a large lesion in 
the superonasal aspect of the left orbit. 
The mass was adherent to the surrounding 





tissues; a subtotal removal of the lesion 
was performed. Histopathologic examina- 
tion of the tissue showed a malignant, 
infiltrating, small-cell tumor. 

A subsequent medical evaluation, in- 
cluding whole body computed tomography, 
bone and liver scans, catecholamine deter- 
mination, bone marrow biopsy, chest 
roentgenogram, and intravenous pyelo- 
gram, showed no evidence of systemic 
involvement. A left orbital exenteration 
was then performed: the bony orbit was 
intact with no evidence of tumor invasion 
beyond the confines of the orbit. Multiple 
biopsy specimens from the orbital wall 
showed no evidence of tumor. On frozen 
section examination of the tissue, a malig- 
nant, infiltrating, small-cell tumor was 
again seen. A histopathologic diagnosis of 
neuroblastoma was made. 

The patient was treated with radiation 
to the left orbit, left nasal cavity, and left 
maxillary sinus. A total dose of 46 Gy was 
delivered over 6 weeks. Three months post- 
operatively the patient had a left maxil- 
lary sinus infection develop that required a 
nasoantral window. A biopsy specimen 
from the maxillary sinus at that time 
showed no evidence of tumor. Eight years 
after radiation therapy, there is no evi- 
dence of locally recurrent or metastatic 
disease. The socket was well healed with- 
out any significant complications from the 
radiation therapy. 


HISTOPATHOLOGIC FINDINGS 


The tumor was composed of uni- 
form, small, round to slightly elon- 
gated cells with finely stippled nucle- 
ar chromatin. The cells were arranged 
in nests and cords with large areas of 
necrosis. The numerous perivascular 
pseudorosettes were emphasized by 
the necrosis and by a reticulin stain 
(Fig 3); Homer-Wright rosettes (Fig 
4) were found. There was a fine fibril- 
lary background matrix suggestive of 
neuropil (Fig 5). Grimelius and Fon- 
tana-Masson stains confirmed the 
presence of numerous argyrophilic 
granules (Fig 6). Glycogen and mucin 
were absent by mucicarmine, periodic 
acid-Schiff (with and without dia- 


Fig 1.—External appearance of proptosis and hyperemia of the left eye. 
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stase), and alcian blue staining. A 
neuron-specifie enolase immunope- 


roxidase stain was not performed 
because of the well-documented lack 
of specificity. Chromogranin immu- 
nohistochemical stain was positive 
(Fig 7). 





Fig 2.— Computed tomogram showing a mass 
in the medial aspect of the left orbit. 
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ELECTRON MICROSCOPIC STUDIES 


Electron microscopy was performed 
on paraffin-embedded tissue. The only 
surviving ultrastructural details were 
numerous 108- to 173-nm cytoplasmic 
dense core granules, several of which 
appeared to be membrane bound 
(Fig 8). 


COMMENT 


Neurogenic tumors of the orbit 
include those associated with the optic 
nerve, peripheral nerves,‘ and tumors 
of neuroectodermal origin. Optic 
nerve tumors include astrocytomas, 
gliomas, meningiomas, and medullo- 
epitheliomas. Tumors arising from 
cellular elements associated with 
peripheral nerves are neurofibromas, 
amputation neuromas, schwannomas, 
and malignant peripheral nerve 
sheath tumors. Tumors of neuroecto- 
dermal origin include alveolar soft 
part sarcoma, granular cell tumor, 
chemodectoma (paraganglioma), pri- 
mary orbital carcinoid, neuroepitheli- 
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oma, esthesioneuroblastoma, primary 
neuroblastoma, primary orbital mela- 
noma, and retinal anlage tumor (pig- 
mented retinal choristoma).° 

Neuroectodermal tumors contain- 
ing neurosecretory granules that may 
occur in the orbit include the follow- 
ing: metastatic and primary neuro- 
blastoma, orbital extension of olfacto- 
ry neuroblastoma (esthesioneuroblas- 
toma) and neuroendocrine carcinoma 
(including metastatic and primary 
carcinoid), and paraganglioma. The 
cytologic findings of small round cells 
containing dense core neurosecretory 
granules in our patient excluded all 
possible neurogenic tumors except 
these. 

The light microscopic findings of a 
fibrillary intercellular background 


matrix and Homer-Wright rosettes 
were unequivocal evidence that the 
orbital tumor in our patient was a 
neuroblastoma. Further confirmation 
was provided by the demonstration of 
argyrophilic granules identified as 
dense core neurosecretory granules by 
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Fig 3.—Tumor cell necrosis accentuating the perivascular pseudoro- 
settes (hematoxylin-eosin, original magnification X250). 





Fig 4.—Homer-Wright rosettes (arrow) (hematoxylin-eosin, original 
magnification X400). 
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Fig 5.—Fine fibrillary background matrix (hematoxylin-eosin, original 
magnification X 100). 





Fig 6.—Numerous intracytoplasmic argyrophilic granules (Grimelius, 
original magnification X400). . 
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Fig 7.—Positive immunohistochemical stain- 
ing for chromogranin (immunoperoxidase, 
original magnification X400). 


electron microscopy. Immunohisto- 
chemical staining for chromogranin 
was positive in our patient. Chromo- 
granin has been demonstrated in neu- 
roblastoma as well as other neuroen- 
docrine tumors.*? The clinical, surgi- 
cal, roentgenographic, and histologic 
features in this patient all support a 
diagnosis of primary orbital neuro- 
blastoma. 

The lack of systemic symptoms and 
demonstrable urinary catecholamine 
levels along with normal findings 
from exhaustive physical, laboratory, 
and roentgenographic examinations 
(including total body computed to- 
mography) ruled out a diagnosis of 
metastatic orbital neuroblastoma of 
adrenal, sympathetic ganglion, soft- 
tissue, or visceral origin. This is 
almost always a disease of child- 
hood. 

An adult variant of neuroblastoma 
is olfactory neuroblastoma or esthe- 
sioneuroblastoma.” This tumor arises 
from the olfactory sensory epithelium 
in the roof of the nasal fossa and 
paranasal sinuses. Urinary catechol- 
amine levels are usually not detect- 
able. Although intraorbital extension 
of this tumor is common," it is not 
known to occur as a primary orbital 
tumor. Surgical and radiologic find- 
ings of an intact bony orbit and absent 
nasal or sinus mass excluded this 
diagnosis. 

Neuroendocrine carcinomas"? and 
their differentiation from neuroblas- 
toma have been reviewed by Jakobiec 
et al: the electron-dense secretory 
granules in neuroendocrine tumors 
*tend to be two to three times larger 
than those in neuroblastomas, and the 
cells are packaged into lobules sur- 
rounded by a fibrous stroma. The 
small size of the neurosecretory gran- 
ules and a fibrillary background 
matyix (neuropil) lacking collagen 
histologically identified our patient as 
having a neuroblastoma rather than 
an orbital metastasis of a neuroendo- 
crine tumor arising in the lung, gas- 
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Fig 8.—Intracytoplasmic 108- to 173-nm dense core, partially membrane-bound, granules 
(original magnification X3550). 


trointestinal tract, pancreas, thyroid, 
or parathyroid or orbital extension of 
a primary neuroendocrine carcinoma 
of the paranasal sinuses. The clinical 
features of our patient that allowed 
exclusion of metastatic neuroblasto- 
ma also ruled out metastatic neuroen- 
docrine tumors. 

Carcinoids have been reported to 
metastasize to the eye’ and orbit." 
Zimmerman et al'^ reported a case of 
primary carcinoid tumor of the orbit. 
The histologic and architectural fea- 
tures of their patient are identical to 
those described above for other neuro- 
endocrine carcinomas and differenti- 
ate their case from neuroblastoma 
and our patient. 

Histologic features also distinguish 
between neuroblastomas and para- 
gangliomas (chemodectomas) that 
rarely have been reported to occur in 
the orbit. These tumors are composed 
of cells arranged in clusters or nests 
(Zellballen) surrounded by delicate 
fibrovascular connective-tissue tra- 
beculae." 
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>- © When a published clinical report con- 
-cludes that there is no difference between 
.1wo or more groups of patients, the reader 
must discern between two alternative pos- 
sibilities. Either there is truly no difference 
. in outcome between the groups or the 
. Study failed to detect an actual difference. 
The application of sample size and power 
calculations to outcome variables in a 
. clinical study can provide essential insight 
‘Into resolving this ambiguity. While one 
can never prove that there is no difference 
-between groups of patients, these tech- 
niques can estimate the likelihood that a 
particular study will detect or fail to detect 
a difference of specified size. 

(Arch Ophthalmol. 1989;107:1034- 


The failure to find a statistically sig- 
7 nificant difference between two or 
more groups of patients in a clinical 
trial is often misunderstood and may 
lead to misleading inferences. All too 
often, an author will report that there 
was no difference between the groups. 
Statements of this nature may be 
found in studies that compare one 
treatment with another, report the 
prevalence of a finding in two or more 
groups of patients, or otherwise seek to 
compare an outcome variable of inter- 
st across populations. 

While | there may, in fact, be no dif- 
ference in the clinical outcome of in- 
bdo there is id da the possibility 
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that the study failed to detect a very 
real difference. This failure to find a 
difference when one exists is often a 
function of inadequate sample size. 
Studies involving rare events, such as 
wound leaks and endophthalmitis, are 
especially prone to this limitation. 
Even studies of more common events, 
such as pseudophakic cystoid macular 
edema (CME), require surprisingly 
large numbers of patients to have any 
real likelihood of finding a difference 
between alternative treatment strate- 
gies. 

Clinical trials often involve exposing 
patients to some degree of risk, how- 
ever slight. This is the basis of asking 
patients for informed consent. The es- 
sential ethical requirement of a ran- 
domized clinical trial is that the po- 
tential risks and benefits of the alter- 
native treatments be equivalent and, 
thus, appropriate for randomization. 
An ethical trial must also be capable of 
answering the clinical question posed. 
If a study begins with an inadequate 
sample size, there is little likelihood 
that useful clinical knowledge will be 
gained. 

Clinical trials also involve consider- 
able expenditure of human and eco- 
nomic resources. Not only is it waste- 
ful to conduct a trial with little hope of 
success, it is equally wasteful to enroll 
more patients than are needed to an- 
swer the clinical question. At the ear- 
liest possible point in the planning of a 
trial, the investigators should ascer- 
tain that the number of patients to be 
enrolled is sufficient to either prove a 
statistically significant difference be- 
tween treatments or provide reason- 
able certainty that there is no differ- 
ence. 


"When Does the Failure to Find a Difference 
Mean That There Is None? 


TWO EXAMPLES FROM THE LITERATURE 


In a recent article on the treatment 
of hyphema,' 49 patients were ran- 
domly assigned to treatment with e- 
aminocaproic acid or placebo. Two of 
the 24 patients who were treated with 
é-aminocaproic acid experienced re- 
bleeding, while 1 of 25 placebo-treated 
patients rebled. The authors concluded 
that no difference could be shown be- 
tween the outcome in the two groups 
and that further clinical trials were 
necessary to test the effectiveness of e- 
aminocaproic acid. 

However, even if «-aminocaproic 
acid decreases rebleeding by 5095, the 
study that was performed had less 
than 1 chance in 20 of detecting that 
difference, because the small sample 
chosen yielded a study with insuffi- 
cient power to test the clinical ques- 
tion. 

The likelihood that a statistically 
significant difference, if it exists, will 
be detected is called the power of a 
study. The method for determining the 
study power will be detailed below. If 
a study has a power of 90% in detect- 
ing a specified difference between two 
groups of patients, there is a 90% like- 
lihood that a statistically significant 
difference will be proved, if it exists. 
When a study reports a finding of no* 
significant difference, it is especially 
important to know the power of that 
study to have found such a difference. 
Ás the sample size of a clinical study 
decreases, so does its power to detect a 
statistically significant difference, 

Flynn and coworkers? recently re- 
ported a randomized trial of transcu- 
taneous oxygen monitoring in the pre- 
vention of retinopathy of prematurity 
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| in which 296 infants were randomized | 


to blood oxygen monitoring or stan- 

dard care. No statistically significant 

difference in the rate of retinopathy of 
prematurity was proved between the 

. experimental and control groups. The 

|. authors stated in their methods sec- 
= tion that they expected 45% of the 

: controls to develop retinopathy of pre- 
maturity and that they wanted to de- 

. teeta decrease in that rate to 25% or 

less with monitoring. They designed 
the study to have a power of 85%, or an 
85% chance of detecting a difference of 
this magnitude if it existed. 

The authors of the study provided 
the reader with two essential pieces of 
information: (1) the magnitude of the 
treatment effect that the study was 
designed to detect and (2) the power of 

. the study to detect an effect of that 

" - magnitude. The appropriateness of the 
clinieal assumptions underlying the 
study design is beyond the scope of this 
article. What is pertinent is that the 
authors stated their clinical question 
at the outset and stated the power of 
their study design to answer that ques- 
tion. In that context, a finding of no 
statistically significant difference may 
be accepted as a clinically important 
outcome. The reader of the study can 
know that there was only a 15% chance 
that a real difference was missed and 
draw appropriate inferences based on 
that knowledge. 

Human subject committees fre- 
quently require a power analysis that 
states the underlying clinical assump- 
tions before allowing patients to be 
enrolled into any protocol. Àn analysis 
of the power of a study to detect a sig- 
nificant difference should similarly be 
required for publication of any clinieal 
trial. 








HOW DO WE INTERPRET THE FINDING 
OF NO STATISTICAL DIFFERENCE? 


In truth, we can never be certain 
that there is no difference between two 
< groups. We can only know that a dif- 
 ference of specific magnitude was not 

detected and know the power of the 
study to detect such a difference if, in- 
deed, one existed. While the statistical 
analyses required are no more difficult 
than the more familiar tests of statis- 

etical significance, they are less fre- 
quently employed, and their nomen- 
clature ean be confusing. To perform 
or interpret a clinical trial, we must 
ask the following five essential ques- 
tions: 

1. What is the variable of interest 
and"what type of data does it repre- 
sent? 

.. 2. What rate can you expect in this 
outcome variable in a sample drawn 
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9595 of Outcomes Are in This Region 
5% of Outcomes Fall Under One of the Teils 


Fig 1.—Universe of all possible values of outcome variable in population subsample o occupet re- 


gion under normal distribution. 


from this population? 

3. What degree of difference be- 
tween treated and control groups is 
clinically significant? 

4. What chance are we willing to 
accept that the difference, if we find it, 
is a chance event? 

5. What chance are we willing to 
aecept that we will fail to find a differ- 
ence of this magnitude if one exists? 

By asking these questions in ad- 
vance, we are empowered to better 
study a clinieal question. Only by ask- 
ing these questions in reading a clini- 
cal report can we interpret the validity 
of the authors' conclusions. 


WHAT IS THE VARIABLE OF INTEREST? 


The first step in designing or inter- 
preting any clinical study is to identify 
the outcome variable(s) of the greatest 
clinical significance. For instance, in 
testing a treatment to lower intraocu- 
lar pressure, we might choose to test 
the mean intraocular pressure in con- 
trol and experimental groups. Contin- 
uous variables, such as intraocular 
pressure, are often termed measure- 
mení data. 

An alternative approach would be to 
study the proportion of patients whose 
intraocular pressure decreases by 20% 
from the pretreatment value. In this 
case, we are studying a rate or propor- 
tion of individuals who have a partic- 
ular outcome. Data of this second type 
are termed category or attribute data. 
Because different statistical tests are 
used to determine differences in these 
two types of data, it is crucial not to 
confuse category with measurement 
data. 

The second essential step is to de- 
termine whether the observations of 
the outcome variable are truly inde- 
pendent of each other. Clearly, the in- 
cidence of adenoviral conjunctivitis 
will be higher in the household of an 
infected individual than in the general 
population. If the outcome variable of 







































interest is this infection rate, either 
the individuals studied must be com- 
pletely independent of each other, or. 
advanced statistical tests must be 
used. When we are dealing with non- 
communicable and nonhereditary dis- 
eases in ophthalmology, it is generally 
reasonable to assume that individuals. 
are independent of each other. . 

A common biostatistieal error in 
ophthalmology is to treat observations. 
on two eyes of one person as indepen- 
dent of each other. A standard t test or. 
x? analysis is only valid for indepen- 
dent observations. If one eye is treated. 
and the other is a control, any subse- 
quent statistical analysis must treat 
the data as paired, rather than inde- 
pendent observations. The most con- 
fusing circumstance is when two eyes 
are treated in some individuals and 
one eye in others. If statistical analy- 
ses are performed by eye rather than 
by patient, the lack of independence 
may produce misleading conclusions. 
Katz! has recently addressed this issue 
and provided approaches to dealing 
with it. 


WHAT RATE MIGHT YOU EXPECT TO 
SEE IN A POPULATION SAMPLE? 


Even though we may know with 
some certainty the frequency of a par-. 
ticular outcome, this frequency will 
not be seen in all random samples of 
patients. For instance, a recent cross- 
sectional study of Olmsted County, 
Minnesota, residents found that re- 
bleeding occurred in 18 (7.3%) of the 
248 patients who were identified wit 
traumatic hyphema.* Those. patients 
represented a sample, or cross section, 
of all cases in a large population. Be 
cause the observed rate of rebleeding 
reflects experience in that population, 
rather than in a single referral center, 
it is likely to reflect a reasonable esti- 
mate of the true rate of rebleeding in 
any comparable population. 

While this rate has the advantage of 
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being generated from a cross-sectional 
study, only 248 patients with hyphema 
were identified, and only 18 patients 
experienced rebleeding. The level of 
uncertainty around a rate increases as 
the actual number of observed events 
decreases. This uncertainty can be- 
come a major impediment to studying 
infrequent events, such as rebleeding 
after traumatic hyphema. Rather than 
accept the observed rate as a single 
point estimate, we can express it as the 
interval within which we are 95% cer- 
tain it will fall. For normally distrib- 
uted variables, the 95% confidence in- 
terval around a rate (P) is 
P + 1.96 X (Standard Error [SE]of P). 
The SE of a rate is 


VPO — P)/n 


where n represents the size of the 
sample. In place of (1 — P), statisti- 
cians generally refer to the rate of in- 
dividuals without the outcome of in- 
terest as (Q). 

In Kennedy and Brubaker's article,’ 
where 18 (7.38%) of 248 patients with 
hyphema suffered rebleeding, the 95% 
confidence limit around the rate of re- 
bleeding was as follows: 


0.073 + 1.96 x \/(0.073)(0.927)/(248) 


= 0.073 + 0.016 = 5.7% to 8.9%. 
TAKING A ‘QUICK LOOK AT THE DATA’ 


Even if the absolute rate of rebleed- 
ing is 7.3%, a sample of 100 patients 
with hyphema will not always contain 
7 or 8 patients who suffer a rebleed. 
Rather, the number of rebleeds will 
vary from sample to sample. The uni- 
verse of the number of hyphemas de- 
tected in all possible samples from a 
population will approximate a normal 
distribution (Fig 1). Before embarking 
on more complex tests of study power 
and sample size, it is useful to estimate 
the number of events of interest that 
will likely be observed in the control 
group. 

We can use the same formula to ask 
the similar question, “What is the 
range within which 95% of possible 
random samples from this population 
will lie?” As a rule of thumb, the larger 
the size of each sample, the less vari- 
ability we will see from one sample to 
another. Thus, if we were randomly 
sampling 1000 patients with hyphema 
and the 7.3% rate was absolute truth, 
the range of outcomes in 95% of our 
samples would be 


0.073 + 1.96 X \/(0.073)(0.927)/(1000) 


= 0.073 + 0.008 = 6.5% to 8.1%. 


Since we are dealing with samples of 
1000, the expected number of patients 
with rebleeding in each sample would 
range from 65 to 81. 

We can now return to the previous 
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example of e-aminocaproic acid treat- 
ment of hyphema.' The population- 
based rate was not yet published. 
Rather, the authors cited previous re- 
ports to substantiate their estimate of 
a 1576 rate of rebleeding. Based on this 
rate, we can calculate the number of 
rebleedings that they might expect to 
see in samples of 24 patients in their 
study as 
0.15 + 1.96 X \/(0.15)(0.85)/24 
= 0.15 + 0.14=1% to 29%. 

Thus, the number of rebleeding in 
any particular sample of 24 patients 
will range from 0 to 7 patients. The 
authors expressed surprise at the low 
rates of rebleeding found in their 
study. The rates that they actually ob- 
served, however, were well within the 
realm of statistical likelihood given 
their estimated rate and their sample 
size. 

Logic suggests that statistical tests 
are unlikely to find a difference be- 
tween treated and control groups when 
so few events are expected. The above 
analysis can put apparently surprising 
results in their proper perspective. 
While formal analysis of sample size 
and power is more informative, this 
analysis of confidence intervals pro- 
vides a useful place to begin in think- 
ing about study design. 

This “quick-look” technique is 
equally useful in interpreting clinical 
reports. A recent article purported to 
use data from a major teaching hospi- 
tal to compare rates of infection after 
cataract surgery in inpatients vs 
outpatients.. The authors reported 
that 5 of 90 inpatients suffered postop- 
erative infection, compared with 0 of 
180 outpatients. They reported this 
difference to be statistically signifi- 
cant and concluded that outpatient 
surgery was of better quality than in- 
patient surgery. 

To examine the possible validity of 
these data, one must start with an es- 
timated rate of postoperative infection 
in controls. The rate of postoperative 
endophthalmitis in the United States 
is generally reported as 1/1280 pa- 
tients (0.08%).° This rate is drawn 
from large national samples and has 
been stable throughout several de- 
cades. If the teaching hospital sur- 
veyed was representative of those 
sampled, the number of infections that 
would be expected in a sample of 90 
patients with cataracts would be de- 
termined by the 95% confidence inter- 
val around that published rate. By 
using the above formula, the 95% 
confidence interval for the infection 
rate in a sample of 90 patients is 
0.0008 + 0.0058, or between 0 and 0.12 
patients. Thus, we would be extremely 


surprised to detect even one case of 
endophthalmitis in a sample of 90 
postoperative patients. The finding of 
a 5.6% infection rate is so far outside 
the realm of statistical likelihood that 
the reader should immediately ques- 
tion the validity of the entire study. 


WHAT DEGREE OF DIFFERENCE IS 
CLINICALLY SIGNIFICANT? 


To either design or interpret a clin- 
ical study, we must define criteria for 
a clinically significant outcome. All too 
often, these criteria are designed after 
the study is completed. This approach 
makes it impossible to choose an ap- 
propriate sample size for the study in 
advance. It is as wasteful and unethi- 
cal to enroll 50 patients in a study that 
needs a sample size of 400 as it is to 
enroll 400 patients into a study to an- 
swer a question that only requires a 
sample size of 75. 

At the outset, the authors must de- 
cide what degree of difference between 
two groups is worth finding. A new 
drug for glaucoma that lowers intraoc- 
ular pressure by 2 mm Hg, for in- 
stance, might be of limited clinical use. 
Therefore, the investigators might 
well decide that only an intraocular 
pressure reduction of 5mm Hg or more 
is worth detecting. Far fewer patients 
are needed to detect a statistically sig- 
nificant pressure reduction of 5mm Hg 
than to detect a reduction of 2mm Hg. 
In assessing a new therapy for hyphe- 
ma, criteria must be set for the reduc- 
tion in the rebleeding rate that consti- 
tutes clinical success. An expensive 
therapy that only reduces the rebleed- 
ing rate by 20% might have limited 
clinical significance. Far more patients 
must be enrolled to find a 20% reduc- 
tion in the rate of rebleeding than to 
find a 50% reduction. 

If the variable of interest is of over- 
whelming importance, such as severe 
vision loss or mortality, even small 
differences in outcome may be clini- 
cally significant. These circumstances 
often necessitate multicenter trials to 
generate a sample size adequate to de- 
tect even a small difference in outcome. 


WHAT CHANCE ARE WE WILLING TO 
ACCEPT THAT THE OBSERVED 
DIFFERENCE IS A RANDOM EVENT? 


In testing the statistical signifi- 
cance of an observed difference be- 
tween two groups of patients, we are 
always asking, What is the likelihood 
that this observed difference is purely a 
function of chance? The appropriate 
statistical test is determined by the 
type of data involved. When only two 
groups are involved, a continuous vari- 
able, such as intraocular pressure, is 
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Treatment Has No Effect 


Treatment Is Effective 





Fig 2.— When effect of treatment is extremely large, there is little chance of either type | or type Il error. 
This situation is quite rare in medicine. 


most appropriately examined with at 
test on the sample means. Rates of a 
specific outcome, or other attribute 
data, are most frequently examined 
with a x? test or z test (normal deviate). 
In each case, the test yields a specific 
value of t, z, or x? that is converted to 
a P value. 

The P value indicates the likelihood 
of getting the observed outcome when 
chance alone is operating. Although 
investigators would prefer to know the 
probability that two groups are differ- 
ent from each other, the P value can- 
not provide that information. Al- 
though the latter is the more clinically 
relevant question, it cannot be an- 
swered by statistical methods. 

Statisticians refer to the possibility 
that two groups are equivalent as the 
null hypothesis (H,). In formal terms, 
to declare that an observed difference 
is clinically significant is to reject the 
null hypothesis that they are in fact 
the same. While this phraseology 
might seem to be overly pedantic, un- 
derstanding it is essential to under- 
standing the nomenclature involved in 
calculating the power of a study. The P 
value actually represents the chance 
that the null hypothesis will be re- 
jected erroneously. 

False rejection of the null hypothe- 
sis is also termed the type I error and 
referred to as o. Thus, when P is less 
than .05, there are fewer than 5 
chances in 100 of having gotten the ob- 
served difference between two groups 
when chance alone is operating. This is 
equivalent to stating that there are 
fewer than 5 chances in 100 of errone- 
ously rejecting the null hypothesis or 
of a type I error. 

By habit, a is often set at .05. Thus, 
a P value of .05 is often termed statis- 
tically significant, while a P value of 
.08 may be judged to be not significant. 
In fruth, a fixed criterion for statisti- 
cal significance is an artificial concept, 
and the criteria for significance must 
be appropriate to the clinical question 
tested. There may’ well be circum- 
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If Outcome Falls in This Region, 


We Conclude That Treatment Is Ineffective 


Type Il Error: / 


Treatment Was Effective 
and We Failed to Prove It 


Type Il Error: 
Treatment Was Effective 
and We Failed to Prove It 


If Outcome Is in This Region, 
We Conclude That Treatment Is Effective 


itin 


Type I Error: 
Erroneous Conclusion 


That Treatment Is Effective 


When It Is Not 


Type | Error: 
Erroneous Conclusion 
That Treatment Is Effective 


When It Is Not 





Fig 3.—As difference between outcome variable in treated vs control patients decreases, likeli- 
hood of failing to detect statistically significant difference increases. 


stances in which a5% chance of a type 
I error is clinically unacceptable. The 
authors should always state their cri- 
teria for statistical significance in the 
methods section and justify those cri- 
teria on clinical grounds. 

Statistical tests are either one- or 
two-tailed. Tables in statistical texts 
report the value of z for both situa- 
tions. If you are absolutely certain that 
the outcome rate in the treated group 
is either greater than or less than the 
rate in controls, it may be safe to rely 


on a one-tailed test. If there is any 
possibility that the rate in the treated 
group could fall on either side of the 
control group, a two-tailed test must 
be used. 

In calculating the sample size, we 
will rely on the value of z,, instead of 
a. This is the normal deviate of a and 
represents the number of standard de- 
viations (SDs) away from the mean 
that excludes the area under the nor- 
mal curve specified by a. For an o of .05, 
5% of the area under the normal curve 
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must be excluded; 1.96 SD on either 
- side of the mean will distribute this 
area equally in both tails of the curve. 
. Therefore, the two-tailed z, for the 
- 9595 confidence interval is 1.96. Other 
values of z will be found in most 
statistical texts. 


WHAT IS THE CHANCE WE WILL FAIL TO 
.. FIND A DIFFERENCE IF ONE EXISTS? 


~The above concept of type I errors is 
< well integrated into the ophthalmo- 
-logice literature. We commonly see 
-tests of statistical significance applied 
to two or more groups of patients. 
~ Rarely, however, is there a discussion 
of the power of the study to detect a 
"significant difference between two 
groups. The power of a study is the 
likelihood that a statistically signifi- 
eant difference will be detected if it 
. exists. The failure to prove a true dif- 
ference when there is one is called a 
- type Il error and often referred to as £. 
-Justas the type I error is the frequency 
- with which the null hypothesis is erro- 
. neously rejected, the type II error is 
"the frequency with which the null hy- 
. pothesis is erroneously accepted. Thus, 
the power is (1-8) or (1 minus type II 
error). 
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0.35 
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Rate of Event in Control Population 


Fig 4.—Sample size required to detect statistically significant difference between two groups. As 
size of difference to be detected decreases, required sample size increases exponentially 
(a = .05, B = .2). Solid curve indicates 50% difference; dotted curve, 20% difference. 


The power of a study is determined 
by an interaction of the magnitude of 
the outcome variable, the magnitude 
of the expected difference between 
groups, and the size of the study pop- 
ulation. Very large and obvious clinical 
effects hardly need a clinical trial. 
When penicillin was first used to treat 
pneumococcal pneumonia, its clinical 
effect was obvious. Few clinicians 
would have considered randomizing 
some patients to not receive penicillin 
under those circumstances. When 
there is a clinical response of this 
magnitude, there is very little chance 
of either a type I or type II error 
(Fig 2). 

Few clinieal interventions are as 
dramatic as was penicillin for pneu- 
monia. Often, we are pleased when a 
particular treatment changes the clin- 
ical outcome by 20% to 50%. The 
chance of a type I or type II error 
increases substantially as the size of 
the clinical effect decreases, as shown 
in Fig 3. As the difference between the 
expected outcome in treated patients 
and controls gets smaller, the type I] 
error increases (lower portion of Fig 
3). Larger sample sizes are needed in 
this circumstance to have a reasonable 
likelihood of detecting a significant 
difference between treated and control 


groups. 


CALCULATING THE SAMPLE SIZE 
REQUIRED TO DETECT A 
SIGNIFICANT DIFFERENCE 


The formula for determining the 
sample size is quite simple to use. The 
hard part is applying it in a manner 
that is both clinically and statistically 


sound. This is a situation in which 
properly applied logic is as important 
as properly applied statistics. Before 
plugging numbers into the sample size 
formula one must: 

1. Choose the outcome variable of 
interest. 

2. Determine whether that variable 
represents attribute or measurement 
data. 

3. Be certain that the observations 
are independent and measurement 
data are normally distributed. 

4. Determine the expected value of 
this variable in controls. 

5. Decide what degree of difference 
from the control value is clinically 
worth detecting. 

6. Choose clinically appropriate väl- 
ues of type I and type II errors (a and | 
B). 

If the outcome variable of interest is 
attribute data (rates and proportions), 
the required sample size ean be calcu- 
lated from the following formula: 


(Za t zy (pig. + Pa) 
(p, — p 

where p, = the rate of the event in 
controls, g, = (1 — p,) = the rate of not 
experiencing the event in controls, 
p, = the rate of the event in experi-. 
mental subjects, q, = (1—5.) = the rate 
of not experiencing the event in exper- 
imental subjects, z, = the normal de- 
viate of the type I error (two-tailed), 
and z, = the normal deviate of the type 
II error (one-tailed). 

The value of any parameter cah be 
calculated for the above equation, as 
long as all other variables are known. 
Many statisticians argue that an aver- 
age of control and experimental rates 


Sample Size = 


* 
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should be used in place of the individ- 
ual rates. In this case, the above for- 
mula becomes 


"Sample Size =_(Z. + %»)(2PQ) 
E 29 P = (p, + p)/2, and Q= 


To simplify the above formula fur- 
ther, the term (z, + zs)’ can be replaced 
by a constant, as shown in Table 1. 
Thus, for standard conditions (a = .05, 
B = .2), the formula reduces to 


Sample Size = Us GP) 
— p 

This formula provides a quick esti- 
mate of the sample size required for a 
clinical study that uses rates and pro- 
portions as its primary outcome vari- 
able. Similarly, the reader of a clinical 
study can use the same formula to cal- 
culate the sample size that should be 
required to find a statistically signifi- 
cant difference. 

An important relationship between 
event rates and sample size must be 
appreciated by the investigator and 
reader alike. As shown in Fig. 4, the 
less frequent the event of interest, the 
greater the sample size required to 
study it. Rare events, such as endoph- 
thalmitis, require sample sizes of well 
over 10000 patients for a clinical trial 


<- to have any power. A more frequent 
d complication of cataract surgery, such 


as persistent, angiographieally proved 
CME, has recently been reported to 
occur in 4% of patients.’ As can be seen 
in Fig 4, 1140 patients would be re- 
quired in each arm of a clinical trial to 
detect a 50% decrease in the rate of 
CME with treatment (a = .05, 8 = 2). 

The sample size calculations for 
measurement data are far more com- 


plex than for rates and deserve more 


lengthy treatment than can be given in 
hus article. They have been well ex- 





Cochran? When a continuous variable 
approximates the normal distribution, 
however, the following formula may be 
used: 


2 
Sample Size = n = Eat a ee) 


where c = the average SD in control 
and treated patients, and A= 4, — 
A; = the difference in means between 
control and experimental groups that 
you wish to detect. 

This sample size must be further 
adjusted for the degrees of freedom in 
the ¢ distribution as follows: degrees of 
freedom (df) = 2(n — 1), and corrected 
sample size = n(df + 3/df + 1). 
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CALCULATING THE POWER OF A 
CLINICAL TRIAL 

When planning a clinical trial, one 
ideally chooses a sample size based on 
one of the above formulas. Sometimes, 
however, only a limited number of pa- 
tients can potentially be enrolled. In 
those circumstances, it may be more 
useful to determine what power study 
can be conducted, given the resources 
available. The power of a study is de- 
termined by first calculating the type 
II error based on an inversion of the 
sample size formula: 


n (Pp, - pP) 
Zg = V tue duum e age 
2PQ 


The value of 2; that is derived can then 
be applied to the normal distribution 
table found in most statisties texts to 
determine the type II error. To derive 
study power, subtract type II error 
from 1. 

Caleulation of study power is espe- 
cially useful when interpreting the re- 
sults of a published trial. Instead of 
ealeulating the ideal sample size to 
answer the authors' question, it may 
be more informative to calculate the 
power of the study given the sample 
size that was chosen. 


TWO MORE EXAMPLES FROM THE 
LITERATURE 


Having mastered the above con- 
cepts, let us consider two other exam- 
ples from the current literature. A re- 
cent study compared the comparative 
efficacy of several 8-blockers in pre- 
venting increased intraocular pressure 
after cataract extraction." Eighty pa- 
tients were allocated to preoperative 
treatment with placebo or one of three 
topical 8-blockers. The authors re- 
ported an impression that levobunalol 
was more likely to control postopera- 
tive pressure spikes than either 
timolol or betaxalol. They were unable 
to prove a statistically significant dif- 
ference among the outcomes in the 
three agents. 

The authors appropriately chose 
analysis of covariance techniques 
rather than simple t tests because they 
were comparing the means of more 
than two samples. Sample size calcu- 
lations for studies that compare more 
than two sample means cannot be per- 
formed by using the formulas pre- 
sented in this article. Just as analysis 
of covariance techniques must be used 
instead of ¢ tests for the analysis of 
three or more sample means, special- 
ized sample size formulas are required 
as well. Although sample size formulas 
for this situation may be found in ref- 
erence texts, the complexity of apply- 
ing them argues for professional sta- 





tistical consultation. | 
There is a simpler approach to an 
lyzing the 8-blocker study, however. 
The authors have indicated that they 
are more interested in the ability of 
the three drugs to prevent a postoper- 
ative pressure rise than in a compari- 
son of mean pressure lowering effects _ 
induced by the three agents. They have 
reported the rates of patients with a 
postoperative spike of 10 mm Hg or - 
more in the control and treated groups 
Therefore, we can use the sample size 
formula for rate, or attribute, data to — 
estimate the sample sizes required 
simply to detect a 50% difference in the 
likelihood of a postoperative pressure 
spike of 10 mm Hg or greater. — 
The authors have reported that five 
placebo-treated eyes (25% ), six betax- 
alol-treated eyes (30%), five timolol- 
treated eyes (25%), and one levobu- 
nalol-treated eye (5%) had pressure 
spikes in the immediate postoperative 





















these rates were marae with each 
other or with placebo. This should not 
surprise us. If we assume that the 25% 
rate of pressure spikes found in the 
control group reflects the true rate in 
the population, a sample size of ap- — 
proximately 200 patients in each group — 
is required to achieve a study power of. 
80% (Fig 4 and Table 2). The power of - 
this study to detect a 50% difference in 
the rate of postoperative pressure 
spikes is only 16%. Even if the levobu- 
nalol really decreases the likelihood of : 
pressure spikes to 20% of the control : 
value, this study has only a 4296 power 
to prove that reduction. 

Another example is a recent report 
of the effect of a primary capsulotomy 
on the rate of angiographically proved 
CME in pseudophakic patients. One 
hundred forty-one patients were ran- 
domized to capsulotomy at the time of 
surgery, vs extracapsular cataract ex- 
traction with the capsule left intact. 
The authors cited previous reports 
that suggested an association between 
capsulotomy at the time of surgery and 
an increased rate of CME. They also 
noted a 19% rate of angiographically 
proved CME from the reports of previ- 
ous investigators. 

The authors reported that 16 (24%) 
of 69 patients who had a primary cap- . 
sulotomy and 11 (16%) of 72 patients © - 
who were left with an intact posterior 
capsule developed angiographie evi- 
dence of CME at 6 weeks after surgery. 
There was no statistically proved dif- 
ference between the two rates 
(P = .34). The overall rate of CME de- 
tected in the study was consistent with. 
the authors' expectations. They con- 














































cluded that there was a trend suggest- 
ing that angiographic CME was more 
common in the immediate postopera- 
tive period if the posterior capsule was 
ruptured at the time of surgery, but 
that a larger clinical trial was required 
to confirm this impression. 

. The authors sought to prove a sta- 
tistically significant 33% relative de- 
crease in the rate of CME. To have 80% 
power in detecting that difference, a 
. sample size of 390 patients in both 
- eapsulotomy and  capsule-intact 
. groups is required. Even detecting a 
. 5096 difference between the two groups 
. requires a sample size of 159 patients 
in each arm of the trial. The study 
performed only has a 22% power to 
detect a 50% difference between the 
primary capsulotomy and capsule-in- 
. tact groups. If a primary capsulotomy 
causes a statistically signifieant dif- 
ference in the rate of angiographic 
CME, that difference would probably 
not be detected in a study of 69 vs 72 
. patients. 


CONCLUSIONS 


When a published clinical report 
concludes that there is no difference 
between two or more groups of pa- 
. tients, the reader must discern be- 
- tween two alternative possibilities. 
- Either there is truly no difference in 
outcome between the groups or the 
study failed to detect an actual differ- 
< ence. The application of sample size 
. and power calculations to outcome 
. variables in a clinical study can pro- 
vide us with essential insight in re- 
solving this ambiguity. While we can 
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never prove absolutely that there is no 


difference between groups of patients, 
we can estimate the likelihood that a 
particular study will detect or fail to 
detect a difference of specified size. 

Before embarking on any study, in- 
vestigators must estimate the sample 
size required to answer the clinical 
question. If that sample size is imprac- 
tical, an alternative study design 
should be found. It is inappropriate to 
enroll patients in a clinical trial when 
the sample size or other aspects of the 
study design make a clinically and 
statistically valid result unlikely. 

A discussion of the study power 
should be included in the methods sec- 
tion of any clinical trial. This must in- 
clude the authors’ assumptions re- 
garding the clinical variables to be 
measured and the magnitude of the 
difference in outcome that they regard 
as clinically significant and, therefore, 
worth finding. If no statistical differ- 
ence is found at the end of a trial, the 
authors should discuss the implica- 
tions of this negative finding, espe- 
cially the power of the study to find a 
difference, if one exists. 

Particularly simple and lucid expla- 
nations of sample size, power, and re- 
lated issues can be found in Sommer’s 
Epidemiology and Statistics for the 
Ophthalmologist," Kahn’s An Intro- 
duction to Epidemiologic Methods,” 
and Glantz’ Primer of Biostatistics.’ 
Fleiss’ Statistical Methods for Rates 
and Proportions’ and Snedecor and 
Cochran’s Statistical Methods’ are 
among the most advanced and compre- 
hensive reference texts in the field. 


This study - was. Suppo 
EY00285-01 from the- ON: ational Eye Institute, 
Rockville, Md, and by the Eleanor Naylor Dana 
Charitable Trust, New York, NY. 
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Its not its size, but the weight of its impact 
which makes this small, yellow cap your single 
biggest weapon in the battle against beta-blocker 
noncompliance. 

In a one-month, open-label, noncomparative 
study with 130 patients,* only 41.2% of the patients 

* reported taking their medication(s) 10096 of the 
time as prescribed at baseline. At the final visit, 
following the use of C Cap" Compliance Cap, 
67296 reported 10096 compliance. 

This represents an increase of 6396 in 
compliance from baseline levels. 

ó Evidence that the C Cap Compliance Cap 
helps patients take the medication as you prescribed. 
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Meaning it’s up to you. Do your patients get to 
benefit from an accepted compliance-enhancing 
device...or not? 

Betagan. The beta-blocker with the difference 
put its commitment to your patients on top. 
* Data on file, Allergan Pharmaceuticals. 
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Liquifilm®sterile ophthalmic solution with 
C Cap™ Compliance Cap. 

For patients with ocular hypertension or 
chronic open-angle glaucoma. 


Please see adjacent page for brief summary of prescribing 
information. 











Betagan is contraindicated in patients with bronchial asthma, a 
history of bronchial asthma, or severe chronic obstructive pul- 
monary disease; sinus bradycardia; second- and third-degree 
atrioventricular block; overt cardiac failure; cardiogenic shock; 
hypersensitivity to any component of this product. 
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f C CAP Compliance Cap 


Brief Summary of Prescribing Information 


" INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic 
- solution has been shown to be effective in lowering intraocular pres- 
sure and may be used in patients with chronic open-angle glaucoma 
or ocular hypertension. CONTRAINDICATIONS: BETAGAN is con- 
traindicated in those individuals with bronchial asthma or with a 
history of bronchial asthma, or severe chronic obstructive pulmo- 
nary disease (see WARNINGS); sinus bradycardja; second and third 
degree atrioventricular block; overt cardiac failure (see WARNINGS); 
cardiogenic shock; or hypersensitivity to any component of this 
product. WARNINGS: As with other topically applied ophthalmic 
. drugs, BETAGAN may be absorbed systemically. The same adverse 
reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
Severe respiratory reactions and cardiac reactions, including death 
due to bronchospasm in patients with asthma, and rarely death in 
association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRA- 
- INDICATIONS). Cardiac Failure: Sympathetic stimulation may be 
essential for support of the circulation in individuals with 
. diminished myocardial contractility, and its inhibition by beta- 
< adrenergic receptor blockade may precipitate more severe failure. 
-dn Patients Without a History of Cardiac Failure: Continued depres- 
sion of the myocardium with beta-blocking agents over a period 
Of time can, in some cases, lead to cardiac failure. At the first sign 
or symptom of cardiac failure, BETAGAN should be discontinued. 
Non-allergic Bronchospasm: In patients with non-allergic bron- 
chospasm or with a history of non-allergic bronchospasm (e.g., 
chronic bronchitis, emphysema), BETAGAN should be administered 
with caution since it may block bronchodilation produced by endo- 
. genous and exogenous catecholamine stimulation of beta, recep- 
tors. Major Surgery: The necessity or desirability of withdrawal of 
beta-adrenergic blocking agents prior to major surgery is controver- 

sial. Beta-adrenergic receptor blockade impairs the ability of the 
- heart to respond to beta-adrenergically mediated reflex stimuli. This 
-may augment the risk of general anesthesia in surgical procedures. 
` Some patients receiving beta-adrenergic receptor blocking agents 
>have been subject to protracted severe hypotension during 
- anesthesia. For these reasons, in patients undergoing elective sur- 
gery, gradual withdrawal of beta-adrenergic receptor blocking agents 
~ may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of 
- such agonists as isoproterenol, dopamine, dobutamine or levar- 
. terenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 
- blocking agents should be administered with caution in patients 
-subject to spontaneous hypoglycemia or to diabetic patients 
(especially those with labile diabetes) who are receiving insulin or 
. oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
. may mask the signs and symptoms of acute hypoglycemia. 7hyrotox- 
_icosis: Beta-adrenergic blocking agents may mask certain clinical 
. signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of 
: developing thyrotoxicosis should be managed carefully to avoid 
` abrupt withdrawal of beta-adrenergic blocking agents which might 
precipitate a thyroid storm. Contains sodium metabisulfite, a sul- 
fite that may cause allergic-type reactions including anaphylactic 
. symptoms and life-threatening or less severe asthmatic episodes in 
certain susceptible people. The overall prevalence of sulfite sensi- 
_ tivity in the general population is unknown and probably low. Sulfite 
_ sensitivity is seen more frequently in asthmatic than in nonasthmatic 
people. PRECAUTIONS: General: BETAGAN® (levobunolol HCI) 
- 0.596 Liquifilm? sterile ophthalmic solution should be used with 
caution in patients with known hypersensitivity to other beta- 
. adrenoceptor blocking agents. Use with caution in patients with 
known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen 
the angle. This requires constricting the pupil with a miotic. 
. BETAGAN has little or no effect on the pupil. When BETAGAN is 
used to reduce elevated intraocular pressure in angle-closure 
glaucoma, it should be used with a miotic and not alone. Muscle 
Weakness: Beta-adrenergic blockade has been reported to potenti- 
ate muscle weakness consistent with certain myasthenic symptoms 
 (e.g., diplopia, ptosis and generalized weakness). Drug Interactions: 
BETAGAN should be used with caution in patients who are receiving 






a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from 
concomitant therapy with BETAGAN and epinephrine may occur. 
Close observation of the patient is recommended when a beta- 
blocker is administered tò patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive 
effects and the production of hypotension and/or marked 
bradycardia, which may produce vertigo, syncope, or postural 
hypotension. Animal Studies: No adverse ocular effects were 
Observed in rabbits administered BETAGAN topically in studies last- 
ing one year in concentrations up to IO times the human dose con- 
centration. Carcinogenesis, mutagenesis, impairment of fertility: 
In a lifetime oral study in mice, there were statistically significant 
(p s 0.05) increases in the incidence of benign leiomyomas in female 
mice at 200 mg/kg/day (14,000 times the recommended human dose 
for glaucoma), but notat 12 or 50 mg/ kg/day (850 and 5,500 times 
the human dose). In a two-year oral study of levobunolol HCI in 
rats, there was a statistically significant (p = 0.05) increase in the 
incidence of benign hepatomas in male rats administered 12,800 
times the recommended human dose for glaucoma. Similar differ- 
ences were not observed in rats administered oral doses equiva- 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity 
ina battery of microbiological and mammalian in vitro and in vivo 
assays. Reproduction and fertility studies in rats showed no adverse 
effect on male or female fertility at doses up to 1,800 times the recom- 
mended human dose for glaucoma. Pregnancy Category C: Feto- 
toxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses of levobunolol HCI equiva- 
lent to 200 and 700 times the recommended dose for the treatment 
of glaucoma were given. No fetotoxic effects have been observed 
in similar studies with rats at up to 1,800 times the human dose for 
glaucoma. Teratogenic studies with levobunolol in rats at doses up 
to 25 mg/kg/day (1,800 times the recommended human dose for 
glaucoma) showed no evidence of fetal malformations. There were 
no adverse effects on postnatal development of offspring. It appears 
when results from studies using rats and studies with other beta- 
adrenergic blockers are examined, that the rabbit may be a particu- 
larly sensitive species. There are no adequate and well-controlled 
studies in pregnant women. BETAGAN should be used during preg- 
nancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: Itis not known whether this drug is excreted 
in human milk. Systemic beta-blockers and topical timolol maleate 
are known to be excreted in human milk. Caution should be exer- 
cised when BETAGAN is administered to a nursing woman. Pediatric 
Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: In clinical trials the use of BETAGAN has 
been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about one 
in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and 
WARNINGS). The following adverse effects have been reported rare- 
ly with the use of BETAGAN: Iridocyclitis, headache, transient ataxia, 
dizziness, lethargy, urticaria and pruritus. Decreased corneal sensi- 
tivity has been noted in a small number of patients. Although 
levobunolol has minimal membrane-stabilizing activity, there 
remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been report- 
ed with ophthalmic use of beta, and beta, (non-selective) adrener- 
gic receptor blocking agents: BODY AS A WHOLE: Headache. 
CARDIOVASCULAR; Arrhythmia, syncope, heart block, cerebral vas- 
cular accident, cerebral ischemia, congestive heart failure, palpita- 
tion. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. SKIN: Hyper- 
sensitivity, including localized and generalized rash. RESPIRATO-, 
RY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked 
symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes 
(due to withdrawal of miotic therapy in some cases), diplopia, ptosis. 
Other reactions associated with the oral use of non-selective adrener- 
gic receptor blocking agents should be considered potential effects 
with ophthalmic use of these agents. 
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I Knew... 
I Should Have Called Lombart 





Are you tired of waiting for your instruments Our offices coast to coast allow usto givenotjust  . 
to arrive? Have you been delivered excuses instead _ better service, but the best. : 
of what you ordered? You should have listened ” . Commitment. Responsibility. Attention __ 





to your colleagues when they told you to 
call Lombart. 

Todays market is flooded with in- 
strument dealers. Many are retailers, 
labs, or undercapitalized one-man shows 
that disappear as fast as they appear. 
Since 1980, over half a dozen large instru- 
ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
After nearly half a century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses ... 
JUST OPHTHALMIC INSTRUMENTS. 

Our $6 million inventory allows 
us to deliver equipment, not excuses. 


to detail. Responsiveness to customer | 
needs. On-time delivery. Integrity. — 
Trust. Products customers need. When 
they need them. At a reasonable price. ` 
Its no wonder why... | 


NO ONE SELLS MORE THAN LOMBART. 
NO ONE. 
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LOMBART INSTRUMENT COMPANY - 3335 croft st. « norfolk, va 23513 + FAX (804) 855-1232 + (B04) 853-8888 - (800) 446-8092 
. LOMBART INSTRUMENT SOUTHWEST + 801 ave. k + plano, tx 75074 * FAX (214) 423-6847 - (214) 881-8303 - (B00) 443-0120 
LOMBART INSTRUMENT WEST - 8676 commerce ave. + san diego, ca 92121 + FAX (6519) 578-8369 « (619) 578-2020 + (800) 537-2020 
LOMBART INSTRUMENT NORTHEAST * p.o. box 1722 + rutherford, nj 07070 » FAX (804) 855-1232 - (201) 387-0764 » (800) 223-3937 
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She's never in one place 
for long. Wherever the 
story takes her, she'll go. 
She invests her time in 
her work and her money |i Bonds are 
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in Savings Bonds. They are the Great at work. So, whether you are 
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Introducing 
The unique steroid/antibiotic combination. 


™ 
= 


(prednisolone acetate 1%, 
gentamicin sulfate 3 mg/mL base) 


Liquifilm* sterile ophthalmic suspension 
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(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


DESCRIPTION: Pred-G Liquifilm sterile ophthalmic Suspension is a topical anti-inflam- 
matory/anti-infective combination product for ophthalmic use. Chemical Names: Pred- 
nisolone acetate: 118,17 21-Irihydroxypregna-1,4-diene-3,20- dione 21-acetate. Gentamicin 
sulfate is the sulfate salt of gentamicin C1. gentamicin Co, and gentamicin C1A which are 
produced by the growth of Micromonospora purpurea. Contains: prednisolone acetate 
(microfine suspension) 1.096, gentamicin sulfate equivalent to 0.396 gentamicin base with: 
Liquifilm* (polyvinyl alcohol) 1.496; benzalkonium chloride 0.00596; edetate disodium; 
hydroxypropyl methylcellulose; polysorbate 80; sodium citrate, dihydrate; sodium chloride; 
sodium hydroxide and/or hydrochloric acid to adjust the pH; and purified water. CLINICAL 
PHARMACOLOGY: Corticosteroids suppress the inflammatory response to a variety of agents 
and they probably delay or slow healing. Since corticosteroids may inhibit the body's defense 
mechanism against infection, a concomitant antimicrobial drug may be used when this 
inhibition is considered to be clinically significant in a particular case. The anti-infective 
component in Pred-G is included to provide action against specific organisms susceptible 
to it. Gentamicin sulfate is active in vitro against susceptible strains of the following micro- 
organisms: Staphylococcus aureus, Group A beta-hemolytic and non-hemolytic 
Streptococci, Streptococcus pneumoniae, Escherichia coli, Hemophilus influenzae, 
Klebsiella/Enterobacter species, Neisseria species, Pseudomonas aeruginosa, Serratia 
marcescens. When a decision to administer both a corticosteroid and an antimicrobial 
is made, the administration of such drugs in combination has the advantage of greater 
patient compliance and convenience, with the added assurance that the appropriate dosage 
of both drugs is administered. When both types of drugs are in the same formulation, 
compatibility of ingredients is assured and the correct volume of drug is delivered and 
retained. The relative potency of corticosteroids depends on the molecular structure, con- 
centration, and release from the vehicle. INDICATIONS AND USAGE: Pred-G suspension 
is indicated for steroid-responsive inflammatory ocular conditions for which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular 
infection exists. Ocular steroids are indicated in inflammatory conditions of the palpebral 
and bulbar conjunctiva, cornea, and anterior segment of the globe where the inherent risk 
of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema 
and inflammation. They are also indicated in chronic anterior uveitis and corneal injury 
from chemical, radiation, or thermal burns or penetration of foreign bodies. The use of 
a combination drug with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an expectation that potentially dangerous num- 
bers of bacteria will be present in the eye. The particular anti-infective drug in this product 
is active against the following common bacterial eye pathogens: Staphylococcus aureus, 
Group A beta-hemolytic and non-hemolytic streptococci, Streptococcus pneumoniae, 
Escherichia coli, Hemophilus influenzae, Klebsiella/ Enterobacter species, Neisseria 
species, Pseudomonas aeruginosa, and Serratia marcescens. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other 
Viral diseases of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of the medication. (Hyper- 
Sensitivity to the antibiotic component occurs at a higher rate than for other components.) 
Pred-G suspension is always contraindicated after uncomplicated removal of a corneal foreign 
body. WARNINGS: Prolonged use may result in glaucoma, with damage to the optic nerve, 
defects in visual acuity and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase the hazard of 
secondary ocular infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. If these 
products are used for 10 days or longer, intraocular pressure should be routinely moni- 
tored even though it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of herpes simplex requires 
great caution. Pred-G is contraindicated in patients with active herpes simplex keratitis. 
Pred-G Liquifilm sterile ophthalmic suspension is not for injection. It should never be injected 
Subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 
PRECAUTIONS: The initial prescription and renewal of the medication order beyond 20 
milliliters should be made by a physician only after examination of the patient with the aid 
of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein 
staining. The possibility of fungal infections of the cornea should be considered after 
prolonged steroid dosing. ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to the steroid compo- 
nent, the anti-infective component, or the combination. Exact incidence figures are not 
available since no denominator of treated patients is available. Reactions occurring most 
often from the presence of the anti-infective ingredient are allergic sensitizations. The reac- 
tions due to the steroid component in decreasing order of frequency are: elevation of intra- 
ocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound healing. Secondary 
Infection: The development of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of steroid. The possibility of fungal 
invasion must be considered in any persistent corneal ulceration where steroid treatment 
has been used. Secondary bacterial ocular infection following suppression of host responses 
also occurs. DOSAGE AND ADMINISTRATION: Instill one drop into the conjunctival sac 
two to four times daily. During the initial 24 to 48 hours, the dosing frequency may be 
increased if necessary. Care should be taken not to discontinue therapy prematurely. Not 
more than 20 milliliters should be prescribed initially and the prescription should not be 
refilled without further evaluation as outlined in PRECAUTIONS above. HOW SUPPLIED: 
Pred-G™ (prednisolone acetate 1.0%, gentamicin sulfate—0.396 base) Liquifilm® sterile 
ophthalmic suspension is supplied in plastic dropper bottles in the following sizes: 5mL— 
NDC 0023-0106-05; 10 mL—NDC 0023-0106-10. Note: Store at room temperature. Avoid 
excessive heat, 40°C (104°F) and above. Protect from freezing. Shake well before using. 
Caution: Federal law prohibits dispensing without prescription. 
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NEVER! 


BUT RETIREMENT 
ULTIMATELY REACHES 
OUT TO ALL OF US 


When should I retire, how do I retire, 
where should | retire, what does it 
“cost,” have | saved enough, what 
will inflation do to me, what can | do 
in my spare time, what do others do 
in retirement, can my spouse 
stand" me in retirement, can my 
spouse "retire" also? 


DON'T TURN YOUR 
BACK ON THESE 
QUESTIONS... 


someday they will have to be 
answered. 


THE AMERICAN 
ASSOCIATION 
OF SENIOR 
PHYSICIANS 


can help you get more out of your 
later years—medical retirement is 
our specialty, our ONLY specialty. 


Get practical, authoritative, 
knowledgeable information to assist 
you in YOUR retirement. 


* Bimonthly Newsletter 

* Retirement Planning Seminars 

* Literature Resource Center 

* Part-time work or volunteer 
ideas 

* Interesting travel opportunities 

* Health Insurance 

e Various medical magazines, 
auto rental & hotel discounts 

* Guidelines for disposing of a 
practice 


For a membership application and 
more details, write or call: 


American Association 
N of Senior Physicians 


One East Erie Street 
Suite 240 - 

= Chicago, IL 60611 
312-280-7260 
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Laboratory Sciences 


Protective Effects of Viscous Solutions in 
Phacoemulsification and Traumatic Lens Implantation 


David B. Glasser, MD; Harold R. Katz, MD; James E. Boyd, PhD; 
Joseph D. Langdon; Suzette L. Shobe; Robert L. Peiffer, DVM, PhD 


e We compared the endothelial protec- 
tion offered by 196 hyaluronate sodium 
(Healon), 3% hyaluronate sodium and 4% 
chondroitin sulfate (Viscoat), and a non- 
viscous irrigating solution (BSS Plus) dur- 
ing phacoemulsification with and without 
traumatic intraocular lens implantation. 
Vital-dye staining and scanning electron 
microscopy were used to determine acute 
damage to rabbit corneal endothelium. 
Cell damage during phacoemulsification 
alone was not significantly. different from 
that in unoperated controls (12.5%). Cell 
damage after traumatic lens insertion was 
significantly greater in the groups treated 
with BSS Plus (76.296) and Healon (41.4%) 
than in either paired Viscoat-treated 
group (21.1% and 17.4%, respectively). 
Viscoat (but not Healon) was noted to be 
adherent to the cornea at the end of the 
procedure in one third of the cases, indi- 
cating that Viscoat remains in the anterior 
chamber during surgery. We attribute this 
to chondroitin sulfate's newtonian char- 
acteristics, allowing it to maintain viscos- 
ity in the face of high flow rates. 

(Arch Ophthalmol. |. 1989;107:1047- 
1051) 


Prevention of endothelial cell loss 
during phacoemulsification and 
intraocular lens (IOL) implantation is 
a significant concern for the cataract 
surgeon. A number of clinical studies 
have shown that cell loss after pha- 
coemulsification is greater than that 
after intracapsular or extracapsular 
cataract extraction and that cell loss 
increases with prolonged phacoemul- 
sification time.'* Other studies have 
demonstrated no difference in cell loss 
between phacoemulsification and ex- 
tracapsular surgery with nucleus 
expression. These apparently con- 
flicting results may be attributable to 
differences in surgical techniques or 
«the methods used to count endothelial 
cells.?:9 

Ultrasonic energy is not the only 
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cause of cell loss during phacoemulsi- 
fication. In separate clinical studies, 
Irvine et al" and Waltman and 
Cozean" found that cell loss did not 
correlate with phacoemulsification 
time. Holmberg and Philipson,” in a 
study of anterior chamber phacoemul- 
sification, found no correlation be- 
tween ultrasound time and cell loss 
when 1% hyaluronate sodium (Hea- 
lon) was used during surgery. The 


authors of these clinical studies sug- 


gested that intraoperative trauma 
other than the ultrasound itself (ma- 
nipulation with instruments, presence 
of the lens in the anterior chamber) is 
primarily responsible for cell loss. 
Beesly et al* reported on human 
donor corneas subjected to phaco- 
emulsification under conditions that 
eliminated probe tip trauma and lens 
fragments. Vital-dye staining showed 
less than 5% cell loss after 15 minutes 
of ultrasound. Laboratory studies of 
rabbit, cat," and human donor 
corneas“ under controlled conditions 
established that the most important 
determinant of endothelial damage 
during phacoemulsification is me- 
chanical trauma due to endothelial 
contact with instruments, the lens 
nucleus, lens fragments, and air bub- 
bles. Similarly, contact between a 
polymethylmethacrylate IOL and the 
corneal endothelium disrupts cell 
membranes, resulting in marked cell 
loss. 

Viscous solutions are widely used in 
cataract surgery for their ability to 
protect the corneal endothelium from 
mechanical trauma. Laboratory stud- 
ies have shown that these solutions 
can prevent endothelial cell damage in 
vitro during contact with an IOL.” 
Clinieal studies have demonstrated 
decreased cell loss with the use of 
Healon during intracapsular and 
extracapsular surgery.?^ In contrast, 
Bourne et al/* found no difference in 
cell loss between groups that did or 
did not receive Healon at the begin- 
ning of extracapsular cataract extrac- 
tion and posterior chamber IOL 
implantation. However, both groups 
had a mean endothelial cell loss of less 
than 8%. Hoffer” found no difference 
in mean cell loss (12.576) with or 


without Healon after posterior cham- 
ber phacoemulsification with posteri- 
or chamber lens implantation. Both 
authors suggested that the protective 
effects of Healon might be more 
demonstrable in operations accompa- 
nied by greater cell loss. Consistent 
with this hypothesis was a report 
from Holmberg and Philipson”? in 
which endothelial cell loss was signif- 
icantly lower with the use of Healon 
as opposed to no viscous solution dur- 
ing anterior chamber phacoemulsifi- 
cation. Mean cell loss was 55% in the 
control group and 23% in the Healon- 
treated group. 

Unpublished clinical observations 
suggest that the tendency for a vis- 
cous solution to remain in the anterior 
chamber during phacoemulsification, 
irrigation, and aspiration is a sepa- 
rate and distinct property, indepen- 
dent of its viscosity or ability to main- 
tain space. This property, which we 
call cohesiveness, appears to be 
present to differing degrees in differ- 
ent viscous solutions. Theoretically, 
the presence of a viscous solution in 
the anterior chamber should protect 
the corneal endothelium from contact 
with flying lens fragments, air bub- 
bles, or the IOL during iris-plane or 
posterior chamber phacoemulsifica- 
tion and lens implantation. We used 
vital-dye staining and scanning elec- 
tron microscopy to compare the endo- 
thelial protection afforded by Healon 
and a mixture of 3% hyaluronate 
sodium and 4% chondroitin sulfate 
(Viscoat) during phacoemulsification 
with and without traumatic IOL 
insertion in a rabbit model. 


MATERIALS AND METHODS 


Rabbits free of ocular abnormalities 
were anesthetized with intramuscular 
ketamine hydrochloride (65 mg/kg of body 
weight) and xylazine hydrochloride (10 
mg/kg of body weight) after pupillary dila- 
tion with 1% cyclopentolate hydrochloride 
and 2.5% phenylephrine hydrochloride. A 
standardized surgical procedure was used 
in all cases. A 3.5-mm stab incision was 
made at the limbus, and the anterior 
chamber was filled with 0.25 mL of test 
solution. One group of 14 rabbits received 
Viscoat in one eye and a nonviscous irri- 
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Fig 1.—Strain gauge inserted between the lens implant and the iris. 


% of Cells Damaged 


Viscoat 


BSS Plus 


Healon 


Viscoat 





Fig 2.—Percentage of cells damaged after phacoemulsification and traumatic lens insertion in 
groups receiving 3% hyaluronate sodium and 4% chondroitin sulfate (Viscoat), BSS Plus, or 1% 
hyaluronate sodium (Healon). Bar indicates mean + SE; asterisk, P = .0001; and dagger, 
P= .026. Paired data, n = 7 for each measurement, two-tailed f test. 


gating solution (BSS Plus) in the fellow 
eye. A second group of 14 rabbits received 
Viscoat in one eye and Healon in the fellow 
eye. The surgeon (D.B.G.) was masked as to 
the identity of the viscous solution used in 
each case. A circular anterior capsulotomy 
was made with a bent 25-gauge needle. 
Phacoemulsification was performed at 
80% power at or behind the iris plane until 
the nucleus was emulsified. Ultrasound 
was then continued at the level of the iris 
plane for a total of 2 minutes. Residual 
cortex was aspirated. No complications 
were encountered. 

Half of the rabbits in each group were 
then killed with intracardiac pentobarbital 
sodium-phenytoin sodium injections and 
the corneas were excised at the limbus. 
Corneas were grasped peripherally with 
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two forceps to minimize folding and were 
dipped in BSS Plus to rinse off excess 
viscous solution. The endothelium was 
stained with trypan blue and alizarin red? 
and examined with light microscopy. Three 
masked observers estimated the percent- 
age of damaged endothelial cells in the 
central 6 mm of the cornea, as indicated by 
the uptake of trypan blue or the absence of 
cells. The three estimates were averaged 
for each cornea. Two corneas in each sub- 
group were placed in phosphate-buffered 
glutaraldehyde for electron microscopy. 
The remaining seven rabbits in each 
group had the limbal wound enlarged to 7 
mm. A polymethylmethacrylate IOL with 
a 6-mm optic was inserted into the anterior 
chamber without placing additional vis- 
cous solution in the eye. A strain gauge 





Effects of Viscous Solutions in 
Phacoemulsification Alone * 


% of Cells 
Damaged, 


Comparisont (n) Mean + SE 


Viscoat (7) 
BSS Plus (7) 
P 

Viscoat (7) 
Healon (7) 
P 


*Two-tailed t test, paired data. 

tViscoat is 3% hyaluronate sodium and 4% chon- 
droitin sulfate; BSS Plus, a nonviscous irrigating 
solution; and Healon, 1% hyaluronate sodium. 


was then inserted posterior to the lens (Fig 
1), and the lens was pressed against the 
corneal endothelium until the gauge read- 
ing reached 25 g. The strain gauge and lens 
were removed. The rabbits were killed and 
the corneas excised and examined as previ- 
ously described. A group of 10 eyes not 
operated on were used as controls. 


RESULTS 


Estimates of cell damage based on 
vital-dye staining showed good inter- 
observer agreement. There was a 10% 
or less difference between the high 
and low estimates in 92% of the cor- 
neas studied. Cell damage in control 
corneas was 12.5% + 1.6% (mean + 
SE). 

After phacoemulsification alone, 
the percentage of cells damaged was 
not significantly different between 
groups (Table) or when compared 
with the control eyes. These data indi- 
cate that our techniques were not 
sensitive enough to detect protective 
effects, if any, of Healon and Viscoat 
during phacoemulsification alone. Vi- 
tal-dye staining showed scattered 
endothelial pockmarks and a few 
small geographic areas of cell loss. 

Endothelial damage after phaco- 
emulsification with traumatic lens 
implantation was significantly great- 
er in the BSS Plus-treated group and 
in the Healon-treated group than in 
either of the Viscoat-treated groups 
(Fig 2) or controls (P « .005). Healon 
did offer significant protection com- 
pared with BSS Plus alone (Pz 
0067). Figure 3 demonstrates the 
damage seen with vital-dye staining 
in each group. Eyes that received Vis- 
coat showed little damage, similar to 
controls. Eyes that received Healon 
showed multiple areas of trypan blue 
uptake and areas where the endotheli- 
um was absent. Corneas that received 
BSS Plus and no viscous solution 
exhibited large swaths of denuded 
endothelium indicated by trypan-blue 
staining of Descemet's membrane. 
These probably represent areas of 
contact between the lens implant and 
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Fig 3.—Vital-dye staining of rabbit corneal endothelium after 
phacoemulsification and lens insertion. Top left, 3% hyaluronate 
sodium and 4% chondroitin sulfate (Viscoat)-treated cornea shows 
minimal trypan blue uptake and scattered focal pockmarks of 
damaged endothelium. Top right, With 1% hyaluronate sodium 
(Healon) in the anterior chamber, larger geographic areas of cell 
loss are present. Bottom, With only BSS Plus in the anterior 
chamber, there are extensive geographic areas of cell loss (trypan 
blue and alizarin red, original magnification X60). 








Fig 4.—Scanning electron microscopy of rabbit endothelium following phacoemulsification (left) and phacoemulsification 
plus traumatic intraocular lens insertion (right), both with BSS Plus in the anterior chamber. Left, Geographic areas of 
endothelial stripping (asterisks) are seen, as well as linear (solid arrow) and multifocal (open arrows) areas of endothelial cell 
damage. Right, Extensive endothelial cell damage (asterisk) is depicted (original magnification X69.7 [left], X31.5 
[right]). 


the endothelium. Small pockmarks of 
absent endothelium, seen in all groups 
operated on, suggested impact craters 
from lens fragments or air bubbles 
ejeeted at high speed from the phaco- 
emulsification tip. 

Scanning electron microscopy con- 
firmed the findings seen with vital- 
dye staining. Large. geographic areas 
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of endothelial cell stripping (absence 
of cells) were present in eyes that 
received BSS Plus (Fig 4). Cells imme- 
diately adjacent to areas of cell strip- 
ping showed separation of intercellu- 
lar junctions, rounding up of cells, and 
disruption of cell membranes. Healon- 
treated eyes demonstrated focal areas 
of cell disruption and surface pitting 


interspersed with larger geographic 
areas of cell stripping (Fig 5). Viscoat- 
treated eyes tended to show smaller 
focal areas of cell stripping (Fig 6). 
Review of the surgical notes after 
cell damage estimates were calculated 
and masking codes broken indicated 
that one third of the Viscoat-treated 
eyes had grossly visible residual vis- 
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Fig 5.— Scanning electron microscopy of rabbit endothelium follow- 
ing phacoemulsification plus traumatic intraocular lens insertion 
with 1% hyaluronate sodium (Healon) in the anterior chamber. Top 
left, Large multifocal patches of cell disruption are seen; top right, a 
large geographic zone of endothelial stripping with Descemet's 
membrane denudement (asterisk) is present, in addition to multifo- 
cal areas of cell damage; and bottom, higher magnification shows 
this area of cell loss to contain granular and fibrillar debris 
(original magnification X67.7 [top left], X68.5, [top right], X110 


[bottom]. 


Fig 6.— Scanning electron microscopy of rabbit endothelium followin 
implantation with 3% hyaluronate sodium and 





g phacoemulsification with traumatic intraocular lens 
4% chondroitin sulfate (Viscoat) in the anterior chamber. Focal areas of cell 


contraction (left) and endothelial membrane contraction wrinkling and pitting (right) are seen. Right, The curvilinear 
endothelial tear is adjacent to the cut edge of the cornea and may be an artifact related to corneal excision (original 
magnification X886 [left], X95.5 [right], X382 [inset]). 


cous material adherent to the cornea 
after excision, while Healon-treated 
eyes did not. 


COMMENT 


The use of vital-dye staining is a 
simple and reproducible technique for 
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estimating cell damage in large areas 
of the cornea, thereby minimizing 
sampling error. Mapping of the dam- 
aged areas within the central 6 mm 
and quantitative analysis of these 
areas could be a more accurate way to 
determine cell damage. However, the 


degree of agreement between the 
independent observers in this study 
indicates a reasonable degree eof 
repeatability and accuracy. 

Our technique was not sensitive 
enough to detect any difference among 
Viscoat, Healon, and no viscous solu- 
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tion during phacoemulsification alone. 
Cell damage in our controls (12.5%) 
was similar to that seen in all groups 
that underwent phacoemulsification 
without IOL implantation. If we had 
been able to minimize cell loss during 
excision of the corneas, we might have 
been better able to detect differences, if 
any, between the groups. 

Viscoat provided significantly bet- 
ter protection against endothelial cell 
loss than Healon during phacoemul- 
sification with traumatic lens implan- 
tation. Healon offered significant pro- 
tection compared with no viscous 
solution. Our findings are consistent 
with statements by Bourne et al” and 
Hoffer” that the protective effects of 
viscous solutions should be most 
noticeable in cases where endothelial 
cell loss due to mechanical trauma is 
greatest. 

These results can also be compared 
with those of in vitro studies in which 
the cornea was first excised, then 
coated with viscous solution and 
rubbed with an IOL.” Both Viscoat 
and Healon were equally effective in 
preventing damage in those in vitro 
studies. This indicates that both solu- 
tions are capable of protecting the 
endothelium as long as there is a layer 
of viscous solution coating the endo- 
thelial cells. Our cell damage data and 
the observation of grossly visible vis- 
cous material adherent only to corne- 
as in the Viscoat-treated group sug- 
gest that Viscoat remains in the ante- 
rior chamber during surgery, while 
Healon tends to flow out of the eye, 
leaving the endothelium partially 
exposed. 

The reason for this difference in 
performance is related to differences 
in the physical properties of the com- 
ponents of each solution. Chemical 
structure, molecular weight, and con- 
centration are important determi- 
nants of viscosity, the property that 
allows a viscous solution to maintain 
the anterior chamber and protect the 
corneal endothelium. The chemical 
structure of hyaluronate sodium dic- 
tates that it is a pseudoplastic fluid, 
meaning its viscosity is greatest 
under low shear stress or when it is 
nearly stationary.” The extremely 
high viscosity of 1% hyaluronate sodi- 
um (Healon) at low shear rates (at 
rest) explains its ability to maintain 
the anterior chamber in the face of 
posterior pressure. As shear rate or 
flow increases, Healon's viscosity 
drops, allowing it to flow out of the 
chamber during phacoemulsification, 
aspiration, and irrigation. A thin 
remaining layer of highly viscous 
Healon at rest may protect against 
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compressive (perpendicular) forces 
during contact with an IOL but allows 
high shear (lateral) forces to be trans- 
mitted to the endothelium, resulting 
in significant damage.? 

Chondroitin sulfate is a newtonian 
fluid, exhibiting constant viscosity at 
various flow rates.” Chondroitin sul- 
fate will not provide the same degree 
of anterior chamber support as hya- 
luronate sodium if its viscosity is not 
as high as that of hyaluronate sodium 
at rest. However, chondroitin sulfate's 
ability to maintain viscosity at higher 
flow rates allows it to remain in place 
throughout surgery. It is probably 
chondroitin sulfate that makes Vis- 
coat (4% chondroitin sulfate, 3% 
hyaluronate sodium) cohesive. 

Chondroitin sulfate is also more 
negatively charged than hyaluronate 
sodium because of the presence of 
sulfate groups. This allows chondroi- 
tin sulfate to coat and adhere to the 
surface of an IOL if placed there 
before insertion. The negatively 
charged sulfate groups in chondroitin 
sulfate may also prevent endothelial 
damage due to electrostatic interac- 
tion with the lens implant.” 

The advantages of a cohesive vis- 
cous solution include protection of the 
corneal endothelium from flying lens 
fragments and air bubbles during 
phacoemulsification and elimination 
of the need to replace the viscous 
solution before lens implantation. 
Clinically, this protection may reduce 
the risk of corneal edema or decom- 
pensation, particularly after traumat- 
ic cases. Potential disadvantages 
include trapping of air or lens frag- 
ments that could diminish visibility, 
and increased difficulty in removing 
the viscous solution from the eye. 


References 


1. Sugar J, Mitchelson J, Kraff MC. The effect 
of phacoemulsification on corneal endothelial 
cell density. Arch Ophthalmol. 1978;96:446-448. 

2. Abbot RL, Forster RK. Clinical specular 
microscopy and intraocular surgery. Arch Oph- 
thalmol. 1979;97:1476-1479. 

3. Yang HK, Kline OR. Specular microscopy 
with intraocular lens implantations. J Am 
Intraocul Implant Soc. 1981;7:334-336. 

4. Colvard DM, Mazzocco TR, Kratz RP, et al. 
Endothelial cell loss following phacoemulsifica- 
tion in the pupillary plane. J Am Intraocul 
Implant Soc. 1981;7:334-336. 

5. Kraff MC, Sanders DR. Planned extracap- 
sular extraction versus phacoemulsification with 
IOL implantation: a comparison of concurrent 
series. J Am Intraocul Implant Soc. 1982;8:38- 
41. 

6. Levy JH, Pisacano AM. Endothelial cell loss 
in four types of intraocular lens implant proce- 
dures. J Am Intraocul Implant Soc. 1985;11:465- 
468. 

7. Kraff MC, Sanders DR, Lieberman HL. 
Specular microscopy in cataract and intraocular 
lens patients: a report of 564 cases. Arch Ophthal- 
mol. 1980;98:1782-1784. 


8. Davison JA. Endothelial cell loss during the 
transition from nucleus expression to posterior 
chamber-iris plane phacoemulsification. J Am 
Intraocul Implant Soc. 1984;10:40-43. 

9. Bourne W. Morphologic and functional eval- 
uation of the endothelium of transplanted 
human corneas. Trans Am Ophthalmol Soc. 1983; 
81:403-450. 

10. Hirst LW, Auer C, Abbey H, Cohn J, Kues 
H. Quantitative analysis of wide-field endotheli- 
al specular photomicrographs. Am J Ophthalmol. 
1984;97:488-495. 

11. Irvine AR, Kratz RP, O’Donnell JJ. Endo- 
thelial damage with phacoemulsification and 
intraocular lens implantation. Arch Ophthalmol. 
1978;96:1023-1026. 

12. Waltman SR, Cozean CH. The effect of 
phacoemulsification on the corneal endothelium. 
Ophthalmic Surg. 1979;10:31-33. 

13. Holmberg AS, Philipson BT. Sodium hya- 
luronate in cataract surgery, II: report on the use 
of Healon in extracapsular surgery using phaco- 
emulsification. Ophthalmology. 1984;91:53-59. 

14. Beesly RD, Olson RJ, Brady SE. The effects 
of prolonged phacoemulsification time on the 
corneal endothelium. Ann Ophthalmol. 1986; 
18:216-222. 

15. McCarey BE, Polack FM, Marshall W. The 
phacoemulsification procedure, I: the effect of 
intraocular irrigating solutions on the corneal 
endothelium. Invest Ophthalmol Vis Sci. 1976; 
15:449-457. 

16. Polack FM, Sugar A. The phacoemulsifica- 
tion procedure, II: corneal endothelial changes. 
Invest Ophthalmol Vis Sci. 1976;15:458-469. 

17. Binder PS, Sternberg H, Wickham MG, 
Worthen DM. Corneal endothelial damage asso- 
ciated with phacoemulsification. Am J Ophthal- 
mol. 1976;82:48-54. 

18. Kaufman H, Katz J. Endothelial damage 
from intraocular lens insertion. Invest Ophthal- 
mol Vis Sci. 1976;15:996-1000. 

19. MacRae SM, Edelhauser HF, Hyndiuk RA, 
Burd EM, Schultz RO. The effects of sodium 
hyaluronate, chondroitin sulfate, and methylcel- 
lulose on the corneal endothelium and intraocu- 
lar pressure. Am J Ophthalmol. 1983;95:332-341. 

20. Hammer ME, Burch TG. Viscous corneal 
protection by sodium hyaluronate, chondroitin 
sulfate, and methylcellulose. Invest Ophthalmol 
Vis Sci. 1984;25:1329-1332. 

21. Glasser DB, Matsuda M, Edelhauser HF. A 
comparison of the efficacy and toxicity of and 
intraocular pressure response to viscous solu- 
tions in the anterior chamber. Arch Ophthalmol. 
1986;104:1819-1824. 

22. Miller D, Stegmann R. Use of sodium hya- 
luronate in anterior segment eye surgery. J Am 
Intraocul Implant Soc. 1980;6:13-15. 

23. Pape LG, Balazs EA. The use of sodium 
hyaluronate (Healon) in human anterior seg- 
ment surgery. Ophthalmology. 1980;87:699-705. 

24. Percival P. Protective role of Healon dur- 
ing lens implantation. Eye. 1981;101:77-78. 

25. Holmberg AS, Philipson BT. Sodium hya- 
luronate in cataract surgery, I: report on the use 
of Healon in two different types of intracapsular 
cataract surgery. Ophthalmology. 1984;91:45-52. 

26. Bourne WM, Liesegang TJ, Waller RR, 
Ilstrup DM. The effect of sodium hyaluronate on 
endothelial cell damage during extracapsular 
cataract extraction and posterior chamber lens 
implantation. Am J Ophthalmol. 1984;98:759- 
762. 

27. Hoffer KJ. Effects of extracapsular 
implant techniques on endothelial density. Arch 
Ophthalmol. 1982;100:791-792. 

28. Taylor MJ, Hunt CJ. Dual staining of cor- 
neal endothelium with trypan blue and alizarin 
red S: importance of pH for the dye-lake reac- 
tion. Br J Ophthalmol. 1981;65:815-819. 

29. Harrison SE, Soll DB, Shayegan M, Clinch 
T. Chondroitin sulfate: a new and effective pro- 
tective agent for intraocular lens insertion. Oph- 
thalmology. 1982;89:1254-1260. 


Viscous Solutions—Glasser et al 1051 


Fibronectin Does Not Enhance Epidermal 
Growth Factor-Mediated Acceleration 
of Corneal Epithelial Wound Closure 


H. Kaz Soong, MD; Tarek Hassan, MD; James Varani, PhD; Samuel C. M. Huang, MD; Mary Brennan, MS 


@ Concomitant use of epidermal 
growth factor and fibronectin for the 
treatment of corneal epithelial wounds 
has a putative advantage of promoting 
complementary aspects of wound heal- 
ing: epidermal growth factor enhances 
mitosis, while fibronectin increases cell- 
to-substrate adhesiveness and possibly 
cell motility. To determine if the combina- 
tion of epidermal growth factor and 
fibronectin is synergistic in accelerating 
the speed of corneal epithelial wound 
coverage, epithelial wound closure rates 
were compared in serum-free rat corneal 
organ cultures among epidermal growth 
factor alone, fibronectin alone, their com- 
bination, and drug-free controls. Epider- 
mal growth factor (50 to 1000 ng/mL) 
significantly increased the rate of wound 
closure over that of the drug-free con- 
trols, while fibronectin (50 to 100 ug/mL) 
had no significant effect. Wound closure 
rates with combined epidermal growth 
factor and fibronectin were no faster than 
with epidermal growth factor alone. The 
results indicate that fibronectin does not 
accelerate the rate of corneal epithelial 
migration when used alone or in combina- 
tion with epidermal growth factor. This 
may reflect that the major role of fibro- 
nectin may be in the enhancement of 
cell-to-substrate adhesion and not of 
migration per se. 

(Arch Ophthalmol. 
1054) 
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(homes! epithelium immediately mi- 

grates over an epithelial wound to 
cover the defect as rapidly as possible. 
Cellular mitosis begins after a delay 
of several hours, thus reconstituting a 
depleted cell population.'* Normal 
corneal epithelial wound healing 
requires a combination of unimpeded 
cell migration, adequate cell-to-sub- 
strate adhesion, and unrestrained cell 
proliferation. The use of epidermal 
growth factor (EGF)*” and fibronec- 
tin (FN)''*55 eye drops to enhance epi- 
thelial wound healing in the cornea is 





Accepted for publication January 24, 1989. 

From the Departments of Ophthalmology (Drs 
Soong, Hassan, and Huang and Ms Brennan) and 
Pathology (Dr Varani), University of Michigan 
Medical School, Ann Arbor. 

Reprint requests to W. K. Kellogg Eye Center, 
1000 Wall St, Ann Arbor, MI 48105 (Dr Soong). 


1052 


Arch Ophthalmol—Vol 107, July 1989 


currently being investigated. Epider- 
mal growth factor not only enhances 
mitosis and DNA synthesis but also 
can initiate cell division during the 
early migration phase of wound heal- 
ing when significant mitosis normally 
does not occur.* In addition, EGF 
has been shown to stimulate FN syn- 
thesis by corneal epithelial cells.!'5 
Fibronectin is a multifunctional adhe- 
sive glycoprotein that promotes the 
adhesion and migration of several dif- 
ferent cell types. It has been 
reported to cause reepithelialization 
of trophic corneal ulcer in humans 
when applied topically.^ We investi- 
gated the effects of EGF, FN, and 
combined EGF + FN on the closure 
rate of corneal epithelial defects in 
organ-cultured rat corneas. The main 
advantage of an organ-culture system, 
over in vivo studies involving topical 
application of a drug, is the ability to 
control the environment strictly, 
resulting in a more uniform drug 
delivery and a decrease in extraneous 
influences and perturbations. 


MATERIALS AND METHODS 
Organ Cultures 


Sixty-two adult male Sprague-Dawley 
rats (124 eyes) were killed with an overdose 
of intraperitoneal ketamine hydrochloride. 
A 3- or 4-mm-diameter, central trephine 
mark was made on the surface of each 
cornea and the epithelium within was 
gently removed using a blunt, rounded- 
edge razor blade (cutting edge smoothly 
dulled on a fine whetstone). Corneoscleral 
buttons were excised from these eyes and 
mounted endothelial side down onto dome- 
shaped, molded paraffin platforms inside 
24-well tissue culture dishes. The buttons 
were incubated for 19 to 21 hours at 37°C 
and 5% carbon dioxide in defined mini- 
mum essential medium (Eagle’s minimum 
essential medium with nonessential amino 
acids, L-glutamine, penicillin, streptomy- 
cin, and amphotericin B) without serum 
and with or without study drugs. 


Drugs 


Mouse maxillary gland EGF (Sigma 
Chemicals, St Louis, Mo) was added to the 
culture medium at concentrations of 50, 
100, 500, or 1000 ng/mL. Rat plasma FN 
(Sigma Chemicals) was added to the cul- 
ture medium at concentrations of 50 and 
100 ug/mL. The purity of FN was checked 
on a 7.576 sodium dodecylsulfate polyacryl- 


amide slab gel by electrophoresis and 
stained with Coomassie Brilliant blue. The 
biologic activity of FN was assayed by 
examining its ability to induce attachment 
and spreading of human foreskin fibro- 
blasts.” Briefly, wells of a 24-well culture 
dish were incubated for 2 hours at 37°C 
with 0.5 mL of serum-free minimum essen- 
tial medium containing varying amounts 
of FN (0.1 to 50 ug per well). Subsequently, 
the unbound FN was removed and cells 
were added to the FN-coated wells (or to 
the untreated wells) in minimum essential 
medium containing 1% bovine serum albu- 
min. After 1 hour, the unattached cells 
were harvested from duplicate wells and 
counted. The wells were then washed two 
times and fixed with 2% glutaraldehyde. 
The percentage of cells that were spread 
was determined by phase-contrast micros- 
copy, using an eyepiece with a calibrated 
filar grid. 


Wound Healing Measurements 


At the conclusion of the organ-culture 
incubation period, the cultured corneas 
were stained with Richardson’s stain (pH 
7.0) to delineate the remaining epithelial 
defects. Richardson’s stain was used only 
at the end of the wound-healing period to 
avoid any toxic effects to the epithelium 
that may otherwise retard the healing 
process. The stained epithelial defects 
were photographed under a dissecting 
microscope, and the images from the film 
negatives were projected with a photo- 
graphice enlarger onto a tracing pad. The 
tracings delineating the residual wounds 
were measured for surface area using a 
polar planimeter. The corresponding epi- 
thelial wound coverage rates (area of 
wound coverage over total healing time) 
were calculated. Rates were statistically 
compared with Student's ¢ test among 
drug-free controls, EGF alone, and 
EGF +FN  (4-mm-diameter starting 
wounds were used in these three groups); 
rates were similarly compared between 
drug-free controls and FN alone (3-mm- 
diameter starting wounds were used in 
these two groups). All comparisons were 
made only between same-size wounds, as? 
baseline epithelial healing rates for drug- 
free controls in 3-mm wounds (0.293 + 
0.022 mm?/h) were slower than in 4-mm 
wounds (0.439 + 0.029 mm"/h; Figs 1 to 3). 
When healing rate is expressed as square 
millimeters per hour, wounds with smaller 
initial sizes always heal at a slower*rate. 
This parametric difference is explained on 
a purely mathematical basis rather than 
on a physiologic dissimilarity in the heal- 
ing process.” 
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RESULTS 
FN Purity 


The commercially purchased rat FN 
migrated in a single major electropho- 
.. .retie band of 200-kd molecular 
K^ weight. 
^. . Biologic Activity of FN 
Attachment and spreading of 
- human foreskin fibroblasts occurred 
in all FN-coated wells at 1 hour after 
inoculation but not in the uncoated 
;- welis. In brief, 60% of cells were 

attached and spread at 0.1 ug of FN, 
7595 at 1.0 ug of FN, 80% at 10 ug of 
FN, and 78% at 25 ug of FN. 


Wound Healing Measurements 












In comparison with the drug-free 
~ control, EGF significantly (P « .0005) 
4" accelerated corneal epithelial wound 
. -closure rates at all concentrations 
~~ used (50, 100, 500, and 1000 ng/mL), 
resulting in a dose-response pattern 
(Fig 1) showing an early plateau (no 
down-regulation was seen at the con- 
-centrations used) As the degree of 
-EGF-mediated acceleration of wound 
~~ elosure showed little or no dose depen- 
.' dence at 50 ng/mL and above, we 
== chose 50 ng/mL, the lowest concentra- 
tion of EGF used, as the standard 
background EGF dosage to which FN 
<.. (50 or 100 ug/mL) was added for the 
Y -synergism studies. Fibronectin, added 
‘to EGF in this fashion, showed no 
synergistic acceleration of corneal 
— * epithelial wound closure rate (P > .10) 
~~ over that of EGF alone (Fig 2). Fur- 
thermore, the use of FN (50 or 100 
pg/mL) alone (without EGF present) 
resulted in no statistically significant 
improvement (P > .10) in wound cov- 
erage rate over the drug-free control 
(Fig 3). 

















COMMENT 


Studies by Watanabe and Manabe,” 

: measuring the kinetics of corneal epi- 
<a thelial migration over a substrate of 
">: eut stromal edges in organ culture, 
"have shown that combined treatment 
with FN and EGF may be more effec- 
tive in promoting migration and 
wound coverage than either FN or 
EGF alone. In contrast, a study by 
ingh and Foster? done in vivo on 
alkali-burned corneas with severely 
damaged substrate showed no addi- 
tive effects of FN and EGF on the 
kineties of wound closure. Similarly, 
our present study (performed in 
organ-eulture wounds produced by 
gentle abrasion of the epithelium) 
revealed no acceleration of wound clo- 
sure when FN was used alone or in 
ombination with EGF, while EGF 
-used alone resulted -in a significant 
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Fig 1.—Effects of epidermal growth factor on wound closure rate. Initial wound size was 4 mm 
Error bars indicate SDs. 
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Fig 2. — Effects of simultaneous fibronectin (FN) and epidermal growth factor (EGF) treatment on | 
wound closure rate compared with EGF treatment alone. The EGF concentration was 50 ng/mL in. 
each case. Initial wound size was 4 mm. Error bars indicate SDs. ij 
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Fig 3. — Effects of fibronectin (FN) on wound closure rate. Initial wound size was 3 mm. Error bars 
indicate SDs. | Doc 
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acceleration of wound closure. Our 
observed efficacy of EGF in speeding 
up corneal epithelial regeneration is 
confirmed by previous studies and is 
believed to be due to increased cellular 
mitosis.*! 

Our observation of an absence of 
any measurable increase in epithelial 
migration with FN treatment alone is 
in agreement with the in vivo and in 
vitro observations of Phan and 
coworkers,” whose work demon- 
strated that inactivation of endoge- 
nous FN by anti-FN antibody treat- 
ment did not alter corneal epithelial 
wound closure. One possible explana- 
tion for the failure of exogenous FN to 
enhance wound closure rate is that 
wounded corneas produce endogenous 
FN.“** Our results also agree with 
several other studies which showed 
that exogenous FN does not accelerate 
the rate of corneal epithelial wound 
closure** but conflict with the find- 
ings of Nishida, Watanabe, and 
coworkers, who noted the con- 
trary. In their organ culture 
studies,’ these investigators mea- 
sured the linear migration of epitheli- 
© al cells down a cross-sectionally cut 
stromal edge. This distinct method 
may possibly contribute to the differ- 
ence in their results from those of 
other  studies,?2575 including the 
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results of ours. Also, the clinical study 
by Nishida and coworkers" on the use 
of FN eye drops in trophic epithelial 
defects was based on unmasked obser- 
vations without controls. The study 
merely showed that  nonhealing 
defects can be made to close with the 
addition of exogenous FN; the efficacy 
shown by FN eye drops may not have 
been based on primary stimulation of 
migration but rather on improved 
cell-to-substrate adhesion, which in 
turn allowed epithelial cells to 
migrate secondarily over the defect. 
On the corneal surface, exogenous FN 
appears capable of rendering inhospi- 
table substrates, such as those of non- 
healing trophic defects, more recep- 
tive to overlying epithelialization.”34 
In contrast, if a substrate is inherent- 
ly receptive to epithelial migration (as 
in the abraded corneas in our present 
study), the addition of exogenous FN 
appears not to accelerate the existing 
velocity of migration. At present, all 
these conjectures remain speculative 
and have not yet been proved beyond 
doubt. 

The present study not only shows 
that FN by itself does not necessarily 
increase corneal epithelial wound clo- 
sure rate, but also demonstrates the 
inability of FN to amplify the acceler- 
ative effects of EGF on wound closure 
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rate. It is interesting to note that in 
other cell types (eg, fibroblasts), FN 
in tissue culture is known to acceler- 
ate cell movement by chemotaxis.’ 
The predominant salutory effect of 
FN on corneal epithelial wound heal- 
ing may be its ability to promote 
cellular adhesion, rather than its abil- 
ity directly to accelerate cellular 
motility itself. Studies have suggested 
that cell-to-substrate adhesion is 
mediated in part by the intimate 
interaction between the intracellular 
cytoskeleton, membrane-linked focal 
adhesion proteins, a transmembrane 
protein (integrin), and the FN-rich 
extracellular matrix.?* Although FN 
does not appear to accelerate the 
EGF-mediated enhancement of epi- 
thelial migration rate, the putative 
improvement in cell-to-substrate ad- 
hesion resulting from topical FN ther- 
apy on the one hand, and the stimula- 
tion mitosis provided by EGF therapy 
on the other hand, would still support 
a two-drug, complementary approach 
to the clinical treatment of persistent 
corneal epithelial defects. 
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Intravitreal Antibiotic Therapy With 


Vancomyċin and Aminoglycoside 


- An Experimental Study of Combination and Repetitive Injections 


Boo Sup Oum, MD; Donald J. D'Amico, MD; Kai W. Wong, MD 


e We evaluated the retinal toxic reac- 
tion of combined intravitreal therapy with 
regimens of 1.0 mg of vancomycin hydro- 
chloride and 400 ug of amikacin sulfate or 
1.0 mg of vancomycin hydrochloride and 
100 ug of gentamicin sulfate in the rabbit 
eye. The effects of reinjecting each com- 
bination a second or third time, separated 
by 48-hour intervals, were also examined 
by ophthalmoscopy and light and trans- 
mission electron microscopy. The initial 
administration of either regimen did not 
produce toxic reaction. After two injec- 


tions, five of six eyes with vancomycin- 
gentamicin therapy and three of six eyes 


with vancomycin-amikacin therapy dis- 


. played focal areas of retinal toxic reaction 


on histologic study. After three injections, 
all eyes treated with either regimen 
showed histologic evidence of more ad- 
vanced retinal toxic reaction primarily in- 
volving the outer retina and retinal pig- 
ment epithelium. The present study dem- 
onstrates the safety of an initial 
intravitreal injection of vancomycin and 
aminoglycoside but shows increasing ret- 
inal toxic reaction with repetitive combi- 
nation therapy. 

(Arch Ophthalmol. 
1060) 


1989; 107: 1055- 


The intravitreal injection of a com- 

bination of broad-spectrum antibi- 
otics is a widely accepted component of 
the initial therapy for bacterial en- 
dophthalmitis. However, considerable 
controversy exists concerning the in- 
dications and safety of repeating the 
intravitreal antibiotic injection in the 
subsequent management of endoph- 
thalmitis. Pharmacologic studies have 
documented an enhanced turnover of 
intravitreally injected drugs after lens 
and/or vitreous removal,’ and these 
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findings have led to the consideration 
of repeated injections to maintain 
therapeutic concentration of antibiot- 
ies within the vitreous. However, reti- 
nal toxic reaction studies of a single 
injection of aminoglycoside have dem- 
onstrated the same threshold for reti- 
nal damage among control, aphakic, 
and  aphakie/vitrectomized rabbit 
eyes.’ This suggests that the more 
rapid decrease in vitreous levels of 
these antibioties in surgically altered 
eyes may not protect the outer retina 
from cumulative toxicity with multi- 
ple exposures from intravitreal anti- 
biotic injections. 

Clinical studies have documented 
the need for prompt treatment of bac- 
terial endophthalmitis, and this dic- 
tates selection and administration of 
intravitreal antibiotic therapy in ad- 
vance of culture results^* Conse- 
quently, broad-spectrum coverage for 
both gram- positive and gram-negative 
organisms is required. Formerly, ce- 
fazolin and gentamicin were most 
widely recommended for intravitreal 
therapy However, increasing bacte- 
rial resistance to both drugs has moti- 
vated the current use of vancomycin 
and amikacin in combination as the 
drugs of choice for bacterial endoph- 
thalmitis.*? 

Although previous clinical studies 
have documented the safety of a single 
course of combination intravitreal 
therapy with vancomycin and 
gentamicin,’ there have been no pub- 
lished studies in which the combina- 
tion of intravitreal vancomycin and 
aminoglycoside has been evaluated in 
an animal model. Furthermore, the 
important question of cumulative tox- 
icity with multiple intravitreal injec- 
tions has not been previously ad- 
dressed. 

We evaluated the retinal toxic reac- 
tion of combination intravitreal ther- 
apy with vancomycin hydrochloride 
and amikacin sulfate as well as vanco- 
mycin and gentamicin in individually 
nontoxic doses in the Dutch belted 
rabbit eye. In addition, the effects of 
repeating each regimen a second or 
third time, each separated by 48 hours, 
was also explored. We also compared 

































the relative toxicity of the amikacin- 
containing regimen with that of the 
gentamicin-containing regimen. 


MATERIALS AND METHODS 


Sixty-six Dutch belted (pigmented) rab- 
bits weighing 2 to 3 kg were used for this. 
study. They were housed in separate cages: 
with a 12-hour light/dark cycle. Rabbits. 
were anesthetized with a 1.5-mL mixture of- 
equal parts of xylazine (20 mg/mL) and: 
ketamine hydrochloride (100 mg/mL) by an. 
intramuscular injection, and their pupils. 
were dilated with topical tropicamide. 
(0.5%) and phenylephrine hydrochlorid 
(5%) drops. Before intravitreal injection 
an anterior chamber paracentesis was pe! 
formed. Under direct visualization, se 
rate 0.1-mL vancomycin hydrochloride an 
aminoglycoside injections were admit 
tered sequentially through the pars plan | 
2 mm posterior to the limbus, using a 
30-gauge needle. The second drug was in-. 
jected 3 to 5 mm away from the first injec- 
tion site. Experimental eyes received à reg- 
imen of 1.0 mg of vancomycin hydrochlorid : 
and 400 ug of amikacin sulfate or a regimen 
of 1.0 mg of vancomycin hydrochloride and 
100 ug of gentamicin. All injections were 
performed slowly with the bevel of the nee- 
dle facing anteriorly. 

The rabbits were divided into six (iint: 
ment groups with six or more rabbits in 
each group (Table). Rabbits in the appro- 
priate groups received a second set of iden- 
tical injections after 48 hours; for rabbits < 
receiving a third set of injections, these 

were performed 48 hours after the second 
set. Antibiotic injection was performed 
only in the right eye of each rabbit; the left. . 
eye served as a eontrol and was injected 
(correspondingly, from one to three times) 
with 0.2 mL of saline solution. A further . 
group of uninjected eyes (normal Dutch .. 
belted rabbits) was also studied as addi- . 
tional controls. D 

Rabbits were periodically examined by - 
indirect ophthalmoscopy and  photo- . 
graphed after pupillary dilation. They were 
killed 3 days to 2 weeks after the last injec- > 
tion. The eyes were enucleated immedi- = 
ately, hemisectioned at the equator, and - 
subsequently fixed in 2.5% glutaraldehyde ` 
for 24 to 48 hours. After a buffer wash, the ~ 
retina was dissected into 2-mm' fragments, < 
postfixed in 1% osmium tetroxide, dehy- _ 
drated in graded alcohols, and embedded in 
epoxy resin (Epon). We examined five to Six 
tissue samples per eye. Semithin sections. 
were stained with methylene blue-azure IT 
for examination by light microscopy. Ul- - 
trathin sections were stained with uranyl . 
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acetate-lead citrate and examined by 
transmission electron microscopy. 


RESULTS 


The cornea, lens, and media of all 
experimental and control eyes ap- 
peared normal on ophthalmoscopic 
and gross examination. Ophthalmo- 
scopic and ultrastructural evaluation 
disclosed no evidence of retinal toxic 
reaction in any control eye or in eyes 
receiving a single set of injections of 
either combined therapy. After two 
sets of injections, ophthalmoscopic ex- 
amination was unremarkable; how- 
ever, five of six eyes with gentamicin- 
vancomycin therapy and three of six 
eyes with amikacin-vancomycin ther- 
apy displayed areas of retinal toxic re- 
action on histologic examination with 
similar pathologic features. After 
three sets of injections, all 18 eyes with 
either combined therapy displayed ev- 
idence of more advanced retinal toxic 
reaction. 

The features of less advanced retinal 
toxic reaction (documented in ultra- 
structural studies of certain eyes after 
two sets of injections but without oph- 
thalmoscopic alteration) were con- 
fined to the retinal pigment epithelium 
and photoreceptor outer segments (Fig 
1). Three days after the final injection, 
the retinal pigment epithelial cell cy- 
toplasm displayed numerous abnor- 
mal storage lysosomes that contained 
lamellar material arranged in a paral- 
lel or concentric manner. Mild loss of 
photoreceptor outer segment-retinal 
pigment epithelium interdigitation 
developed owing to retraction of apical 
microvilli of the retinal pigment epi- 
thelium. Photoreceptor outer seg- 
ments were disorganized. In some ar- 
eas, macrophagelike cells containing 
storage lysosomes appeared either on 
the surface of the retinal pigment ep- 
ithelium or free in the interphotore- 
ceptor matrix. Most of these cells in 
the subretinal space were nonpigment- 
ed, although rarely pigmented cells 
were observed. Disorganization of 
photoreceptor outer segments was 
most advanced in the areas associated 
with macrophages. Two weeks after 
the final injection, the amount of stor- 
age of lamellar lipid within the retinal 
pigment epithelium was increased and 
flattening of the basal infoldings was 
observed. Focal hypertrophy and hy- 
perplasia of the retinal pigment epi- 
thelium and marked clustering of the 
pigment granules in the apical cyto- 
plasm appeared. In addition, a few 
macrophages were noted in the vitre- 
ous along the internal limiting mem- 
brane. 

Ophthalmoscopic studies of the ret- 
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Experimental Protocol 


No. of Eyes 
m 
Sets of 3 d After 1 wk After 2 wk After 
Drug Combination Injections Injections Injections Injections 





Vancomycin hydrochloride-amikacin sulfate 


Vancomycin-gentamicin sulfate 


Saline controls 











Fig 1.—Transmission electron micrograph 2 weeks after two injections of vancomycin hydrochlo- 
ride plus amikacin sulfate. A marked accumulation of lysosomal inclusions (arrows) in the retinal 
pigment epithelium is observed (original magnification 5200). 


ina after three injections demon- 
strated more advanced retinal toxic 
reaction. Multiple small white dots 
distributed from the posterior pole to 
the equator were observed in four of 
nine eyes with vancomycin-gentam- 
icin therapy and in two of nine eyes 
with vancomycin-amikacin therapy 
(Fig 2). These lesions appeared as early 
as 2 days after the final injection in the 
inferior retina and were unrelated to 
the site of drug injection. The lesions 
were relatively discrete and appeared 
at the level of retinal pigment epithe- 
lium; the number of lesions was great- 
est near the equator and decreased to- 
ward the posterior pole. The number of 
white dots increased for about 2 to 3 
days after the initial appearance, and 


pigmentary changes developed subse- 
quently in this same area. By 1 to 2 
weeks after the last injection, the 
white dots had disappeared; however, 
the retinal pigment epithelium showed 
diffuse mottling in previously affected 
areas. À transient infiltration of mac- 
rophagelike cells along the internal 
limiting membrane and into the inner 
retina was also noted (Fig 3). 
Ultrastructural examination of all 
eyes after three sets of antibiotic in- 
jections disclosed areas of less- 
advanced toxic reaction as described 
above in addition to the focal lesions 
described herein. The multiple small 
white dots consisted of an accumula- 
tion of subretinal macrophages with 
disorganization of,photoreceptor outer 
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Fig 2.—Fundus photographs after three injections of vancomycin hydrochloride and gentamicin. Left, Five days after the 
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third set of injections, small white dots are visible throughout the retina. Center, One week after the last injection, fading 
white dots and dots with early pigmentation coexist. Right, Two weeks after the last injection, the former white dots have 
developed into hyperpigmented lesions. 
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Fig 3.—Light micrograph 3 days after three injections of vancomycin hydrochloride and gentam- 
icin. Macrophagelike cells (arrowheads) are visible in the vitreous, and inflammatory cells (arrows) 
have infiltrated the inner retina (methylene blue-azure II, original magnification X400). 


segments, and in certain lesions this 
resulted in a slight elevation of the 
overlying retina (Fig 4). In one area, 
fortuitous sections disclosed that mac- 
rophagelike cells originated from the 
choroid and  protruded through 
Bruch's membrane and interepithelial 
junction of the retinal pigment epithe- 
lial cells to reach the subretinal space 
(Fig 5). In another section, interposi- 
tion of macrophagelike cells between 
the basal lamina and inner collagenous 
layers of Bruch's membrane and 
"within the retinal pigment epithelium 
was observed (Fig 6). Also, the choroid 
underlying these lesions was noted to 
have an increased cellular reaction. 
The combination of these features sug- 
gested that these cells migrated from 
the ehoroid to the subretinal space. 
One to two weeks after the final injec- 
tion, focal disorganization of the reti- 
nal pigment epithelium with areas of 
hyperpigmentation and hypopigmen- 
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tion were noted in areas corresponding 
to these lesions on ophthalmoscopy 
(Fig 7). 

In all cases, the specific pathologic 
features did not differ between eyes 
receiving the vancomycin-amikacin 
regimen and the vancomycin-gentam- 
icin regimen. However, vancomycin- 
amikacin-treated groups consistently 
disclosed less toxic reaction in degree 
and in number of affected eyes com- 
pared with the vancomycin-gentami- 
cin-treated groups. 


COMMENT 


The present experimental study 
demonstrates the lack of retinal toxic 
reaction following a single set of com- 
bination injections of commonly em- 
ployed doses of vancomycin-amikacin 
or vancomycin-gentamicin but docu- 
ments increasing retinal toxic reaction 
with repetitive combination therapy 
separated by 48 hours. The consider- 





Fig 4.—Light micrograph of a white dot lesion 
1 week after three injections of vancomycin 
hydrochloride and gentamicin sulfate. Several 
macrophagelike cells are observed in associ- 
ation with disorganized photoreceptor outer 
segments. The overlying retina is slightly ele- 
vated, and clustering of pigment granules is 
noted in the apical cytoplasm of the retinal pig- 
ment epithelium. BM indicates Bruch’s mem- 
brane (methylene blue-azure ll, original magni- 
fication X400). 


ations of combination and repetitive 
therapy will be discussed separately. 
Prompt treatment of bacterial en- 
dophthalmitis is essential and re- 
quires the administration of intraocu- 
lar antibioties in advance of culture 
results?^ Although gram-positive 
cocci are the most common pathogens 
in postoperative cases of endoph- 
thalmitis, the wide variety of orga- 
nisms encountered requires the use of 
a combination of antibiotics to provide 
broad-spectrum coverage. A combina- 
tion of cefazolin and gentamicin has 
been widely utilized in the past? How- 
ever, recent changes in antibiotic sen- 
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Fig 5.— Transmission electron micrograph 3 days after three injections of vancomycin hydrochlo- 
ride and gentamicin sulfate. Direct penetration of Bruch's membrane (arrows) and retinal pigment 
epithelium by macrophagelike cell (asterisk) is shown. Macrophagelike cells also appear in the 
subretinal space (MS) and within the collagenous layer of Bruch's membrane (MB). The under- 
lying choroid has increased cellularity (original magnification X2200). 


sitivity have suggested the superiority 
of intravitreal vancomycin and amika- 
cin for initial intravitreal drug 
therapy.^? With regard to gram-posi- 
tive coverage, vancomycin is consid- 
ered the drug of choice for methicillin- 
resistant Staphylococcus epidermidis 
and Staphylococcus aureus: the in- 
creasing prominence of these orga- 
nisms in endophthalmitis has 
prompted the shift to vancomycin over 
the cephalosporins. In a recent series 
of postoperative endophthalmitis, all 
gram-positive isolates were sensitive 
to vancomycin.’ In a study of combina- 
tion vancomycin-gentamicin therapy 
for 14 gram-positive ocular isolates, 
the combination had either an additive 
or a synergistic effect; no antagonistic 
effects were seen." Regarding gram- 
negative coverage, the increasing 
problem of gentamicin-resistant orga- 
nisms,*? as well as the greater toxicity 
of intravitreal gentamicin,” have sug- 
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gested the use of amikacin as the ini- 
tial intravitreal drug for gram-nega- 
tive coverage. 

The retinal toxic reactions of 
vancomycin?! and the amino- 
glycosides" after intravitreal injection 
have been studied separately, but to 
our knowledge the effects of combina- 
tion therapy have not been examined 
in experimental studies. The retinal 
toxic reaction of both vancomycin and 
aminoglycoside is usually confined to 
the retinal pigment epithelium-photo- 
receptor outer segment complex with 
threshold toxic doses. Vancomycin-in- 
duced toxic reactions as enumerated 
by Pflugfelder and associates" include 
(1) hypertrophy of the retinal pigment 
epithelium with abnormal clustering 
of pigment granules in the apical cyto- 
plasm, (2) loss of photoreceptor outer 
segment-retinal pigment epithelium 
interdigitation, (3) appearance of lu- 
cent vacuoles in the retinal pigment 


epithelium, (4) gross disorganization 
of the photoreceptor outer segments, 
(5) pyknosis in outer retinal layers, 
and (6) accumulation of cellular debris 
in the subretinal space. Pathologic fea- 
tures secondary to the intravitreal in- 
jection of aminoglycoside in the rabbit 
include (1) lysosomal storage in the 
retinal pigment epithelium, (2) loss of 
basal infoldings in the retinal pigment 
epithelium, (3) focal hyperplasia and 
hypoplasia of the retinal pigment epi- 
thelium, (4) appearance of macroph- 
agelike cells in subretinal space, and 
(5) disorganization and loss of photo- 
receptor outer segments." In a recent 
study of the retinal toxic reaction of 
intravitreal gentamicin in primates, a 
marked capillary occlusion in the pos- 
terior pole was noted with associated 
edema and  intraretinal  hemor- 
rhages.5 However, ultrastructural 
evaluation disclosed primary inner 
retinal neuronal swelling and toxic re- 
action with no evidence of a primary 
vasculitis. These features were inter- 
preted by the authors as consistent 
with secondary closure of the inner 
retinal vessels due to inflammation 
and toxic reaction in the inner retinal 
neuronal elements. The use of rabbits 
in the present study does not permit 
the assessment of inner retinal toxic 
reaction from aminoglycosides in pri- 
mates. 

Systemic administration of either 
aminoglycoside or vancomycin has 
been associated with toxic reaction. 
Aminoglycoside administration alone 
may produce ototoxic and nephrotoxic 
reaction that is well documented. Van- 
comycin has been reported to produce 
both ototoxic and nephrotoxic reac- 
tions, but the significance of these 
toxic reactions is debated." Many 
cases previously reported as vancomy- 
cin toxic reaction occurred in patients 
receiving concomitant aminoglycoside 
therapy or in patients treated with 
early preparations of the drug that 
contained toxic impurities.'*!! The pos- 
sibility of synergistic nephrotoxic or 
ototoxic reaction from aminoglycoside 
and vancomycin is also debated. An 
early retrospective study found 35% of 
patients receiving combination ther- 
apy had evidence of nephrotoxic 
reaction." In an experimental study of 
combination vancomycin and amino- 
glycoside therapy in rats, a synergistic 
nephrotoxic reaction was noted.’ 
However, subsequent prospective 
studies in patients failed to confirm ei- 
ther an individual or aminoglycdside- 
synergistic nephrotoxic or ototoxic 
reaction. The present report docu- 
ments the lack of retinal toxic reaction 
after a single set of intravitreal injec- 
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Fig 6.— Transmission electron micrograph 3 days after three injections 
of vancomycin hydrochloride and amikacin sulfate. Macrophagelike cells 
in the subretinal space (MS), within the retinal pigment epithelium (MR), 
and in the collagenous layer (MB) of Bruch's membrane (BM) are noted 
in association with choroidal hypercellularity (original magnification 


X2200). 


tions of 1.0 mg of vancomycin hydro- 
chloride and 400 ug of amikacin sulfate 
or 1.0 mg of vancomycin hydrochloride 
and 100 ug of gentamicin sulfate. 
Repetitive intravitreal antibiotic in- 
jections in the management of endoph- 
thalmitis have been advocated by sev- 
eral authors. Such recommendations 
have been based on pharmacokinetic 
studies of the half-life of intravitreally 
injected drugs and have primarily em- 
phasized the need to maintain bacteri- 
cidal levels within the  vitreous. 
Maurice?! initially proposed a strategy 
of repetitive intravitreal injections of 
low doses of antibioties and suggested 
that repetitive injections of gentami- 
ein should be separated by 5 days, at 
which time the remaining drug would 
be less than 10% of the original dose. 
Cobo and Forster! measured a gentam- 
icin half-life of 32 hours in unoperated 
rabbit eyes compared with 12 hours in 
uninflamed aphakic eyes; in eyes with 
the added inflammation of experimen- 
tal Saureus endophthalmitis, the half- 
life was reduced to 19 hours for phakic 
eyes and was essentially unchanged at 
14 hours for aphakic eyes compared 
with uninflamed aphakic eyes. They 
cautiously proposed 36 to 48 hours as 
the optimal time for reinjection of 
apħakic cases but suggested waiting 72 
to 92 hours in phakic cases to avoid po- 
tentially toxic intravitreal levels. 
However, the possibility of retinal 
toxic reaction with these regimens has 
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Fig 7.— Transmission electron micrograph 1 week after three injections 
of vancomycin hydrochloride and gentamicin sulfate. Extensive disrup- 
tion of the photoreceptor outer segments (arrowheads) is noted, and a 
macrophagelike cell (asterisk) is visible on the retinal pigment epithelial 
surface. The retinal pigment epithelium displays hypertrophy and hyper- 


plasia with clustering of pigment granules in the apical cytoplasm. IS in- 
dicates photoreceptor inner segments; BM, Bruch's membrane (original 


magnification X2200). 


not been directly examined; it is possi- 
ble that cumulative retinal toxic reac- 
tion may occur with repetitive injec- 
tions and despite the attractiveness of 
a strategy based on maintaining a cer- 
tain vitreous level of these antibiotics. 
The present study documents increas- 
ing retinal toxic reaction with repeti- 
tive intravitreal antibiotic injections. 
Furthermore, the present results and 
the complexities of cumulative toxic 
reaction underscore the need for direct 
evaluation of the retina in the estab- 
lishment of safe intravitreal drug 
therapy and suggest that indirect in- 
ferences drawn from pharmacokinetic 
studies of vitreous drug levels should 
not be substituted for careful exami- 
nation of the retina. 

In this regard, Talamo and 
associates? examined the influence of 
the surgical state of the rabbit eye (not 
operated on, aphakic, or aphakic/vit- 
rectomized) on the retinal toxic reac- 
tion of a single intravitreal injection of 
amikacin or gentamicin. They found it 
does not alter the threshold toxic dose 
for a single intravitreal injection of 
aminoglycoside. This implies that ret- 
inal toxic reaction for these substances 
may be related to the peak level at- 
tained immediately after injection and 
also argues against offering additional 
injections to eyes solely on the basis 
that they are aphakic or aphakic/ 
vitrectomized. 

In addition to concerns regarding 


the safety of repetitive injections, clin- 
ical series of endophthalmitis cases 
raise questions regarding the neces- 
sity of repetitive injections, particu- 
larly in acute postoperative bacterial 
cases. Olson and associates"? per- 
formed repeated cultures in 13 eyes 24 
to 72 hours after initial management 
with intravitreal injection of com- 
bined gentamicin and cephalosporin 
(and vitrectomy in certain cases), and 
12 of these eyes were reinjected imme- 
diately following repeated culture. 
They suspected intravitreal drug toxic 
reaction in two of the reinjected eyes 
after noting retinal atrophic changes 
with pigment clumping at the level of 
pigment epithelium. Interestingly, 
they found that the culture taken just 
before the repeated injection was ster- 
ile in all eyes in this group, and they 
suggested that repeated injections 
may not be necessary. Driebe and 
associates^ reviewed 62 culture-posi- 
tive cases of pseudophakic endoph- 
thalmitis that were initially treated 
with intravitreal antibiotics and, in 
some cases, vitrectomy. They studied a 
subgroup of 18 eyes with a deteriorat- 
ing course or virulent organism that 
underwent repeated culture and rein- 
jection 48 hours after initial therapy. 
They found that the repeated culture 
was positive in only 6 of these eyes. 
Two of these eyes had fungal infections 
and required intraocular lens removal 
for successful therapy. In 3 of the 4 
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bacterial cases, the patient lost all vi- 
sion despite repetitive injections, and 
. only 1 case had salvage of 20/400 acu- 
. ity. The risks of cumulative retinal 
. toxic reaction as well as the rarity and 
extremely poor prognosis in acute 
postoperative cases with persisting 
positive bacterial culture suggest re- 
straint in the use of repetitive intrav- 
itreal injections. 

In the present study of repetitive 
combination injections, less advanced 
and more advanced degrees of retinal 
toxic reaction were seen. The less ad- 
vanced retinal toxic reaction induced 
by the repetitive injection of the com- 
bination of aminoglycoside and vanco- 
mycin reiterated the features previ- 
ously described with individual drug 
studies alone. More advanced toxic re- 
action was characterized by the addi- 
tional appearance of multiple white 
lesions visible on ophthalmoscopy and 
noted to be collections of macrophages 
in the subretinal space on ultrastruc- 
tural examination. Eyes receiving the 
regimen with amikacin displayed less 
toxic reaction in number and severity 
than did eyes receiving the regimen 
with gentamicin. This result is consis- 
tent with the relatively lower toxicity 
of amikacin vs gentamicin in previous 
comparative studies of intravitreal 
aminoglycoside therapy." 

Multiple white dots appeared oph- 
thalmoscopically after three sets of 
injeetions and have not been previ- 
ously reported after vancomycin or 
aminoglycoside alone. These lesions 
were composed of macrophages in the 
subretinal space associated with dis- 
organized photoreceptor outer seg- 
ments, features seen in a lesser degree 
in aminoglycoside retinal toxic reac- 
tion. With indirect ophthalmoscopy, 
these multiple small white dots have 
similarities to the lesions seen in the 
multiple evanescent white dot syn- 
drome in patients.? Although it is in- 
. teresting to speculate that the clinical 
. lesions may also be composed of focal 
collections of inflammatory cells, this 
. parallel awaits histologic study of af- 
fected patients. 

. In the present study, macrophage- 
like cells were observed in the subret- 

. inal space and in the vitreous. Mac- 
- rophagelike cells appearing in the 
. subretinal space, in the retina, and in 
. the vitreous following the intravitreal 
injection of drugs and other foreign 
Substances may arise from many 
. Sourees, ineluding immigrating (he- 
 matogenous) cells, transformed pig- 
. ment epithelium cells, glial cells, and 
. Müller's fibers.?*? In our study, an oc- 
easional pigmented macrophagelike 
. cell was observed, although most of the 
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cells in the subretinal space were non- 
pigmented. Nonpigmented macroph- 
agelike cells appeared to arise from 
areas of choroidal hypercellularity 
and to penetrate Bruch's membrane 
and the interepithelial junction of the 
retinal pigment epithelium to reach 
the subretinal space and outer retina; 
a similar finding was noted in a previ- 
ous study of intravitreal gentamicin 
alone. An apparent erosion of Bruch’s 
membrane by migrating inflamma- 
tory cells has also been illustrated in 
sympathetic ophthalmia? and experi- 
mental chorioretinitis? and follow- 
ing photocoagulation injury to the 
outer retina and retinal pigment 
epithelium.” In the smaller subgroup 
of pigment-containing macrophage- 
like cells in the present study, the mel- 
anin granules were not enclosed within 
a membrane typical of a phagosome, 
and this absence suggests a direct or- 
igin from retinal pigment epithelial 
cells. Macrophagelike cells noted along 
the internal limiting membrane may 
have arisen from a similar transreti- 
nal migration or may have been de- 
rived from another source, such as the 
ciliary body; Forrester and associates? 
have suggested that the cells appear- 
ing in the vitreous after experimental 
vitreous hemorrhage are marrow de- 
rived and enter via the ciliary pro- 
cesses and migration through the ret- 
ina. Further studies of the retinal 
effects of intravitreal antibiotic ad- 
ministration are required to establish 
guidelines for safe and effective ther- 
apy. 


This study was supported by National Eye In- 
stitute (Bethesda, Md) grant EY04474 (Dr D'Ami- 
co). 
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€ We investigated rhodopsin immuno- 
. reactivity in five well-differentiated retino- 


EE - .blastomas using a panel of monoclonal 
antibodies directed against specific anti- 
genic sites in the amino- and carboxyl 


terminal portions of rhodopsin. All five 
monoclonal antibodies bound to the rod 
cell outer segment of nontumorous retina 
in all 10% formaldehyde solution-fixed, 
..paraffinxeembedded tissue sections. A 

-< characteristic “halo” cell surface staining 
ttern was observed in four (80%) of five 
tumors treated with two monoclonal anti- 


` bodies, B6-30 (rhodopsin amino-terminal 


'. specific) and K16-107 (rhodopsin carbox- 


y.-terminal specific). In each case, the 
staining pattern was limited to well-differ- 
entiated areas of the tumor containing 
Flexner-Wintersteiner rosettes or fleur- 
ettes. One tumor was not stained by any 
monoclonal antibody, whereas all mono- 
clonal antibodies stained the rod cell out- 
er segments of nontumorous retina. Our 
studies indicate that selected retinobias- 
tomas may be differentiated along a rod 


-. photoreceptorlike cell lineage. 


ies = 1 (Arch Ophthalmol | 1989;107:1061- 


| 1063) 
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etinoblastoma is a malignant 
intraocular tumor of childhood. 
Although the histogenesis of this 
tumor has been somewhat controver- 
sial, most experts agree that the 
tumor is of neural, rather than glial, 
origin? Light and electron microscop- 
ic studies have revealed structural 
features reminiscent of either rodlike 
or conelike photoreceptor cells in 
some retinoblastomas.? Photorecep- 
tor cells are specialized neurons con- 
taining photopigments that initiate 
the visual process through light- 
induced metabolic changes in the 
photoreceptor cell membrane.’ The 
most well-characterized of the visual 
photopigments is rhodopsin, a rod 
cell-specific protein.’ Analogous, but 
biochemically and immunologically 
distinct, photopigments are present in 
the cone photoreceptor cells. 
Recently Bogenmann and asso- 
ciates’ used DNA probes specific for 
rod and cone cell photopigments in 
seven low-passage retinoblastoma cell 
lines. They were able to identify cone 
cell-specific proteins (cone transdu- 
cin, red and green photopigments) in 
all cell lines examined. No rod cell- 
specific proteins were identified. 
Based on their findings, Bogenmann 
et al postulated that a retinoblastoma 
was a neuronal neoplasm of cone cell 
lineage. In this study, we used a panel 
of monoclonal antibodies directed 
against both the amino- and carboxyl- 
terminal portions of bovine rhodopsin 
to study its immunoreactivity in five 
well-differentiated retinoblastomas. 
Since all of these monoclonal anti- 
bodies bind to unique amino acid 
sequences of rhodopsin, and not to 



















cone photopigments, our results sug 
gest that these retinoblastomas con 
tain tissue elements that are of rot 
cell lineage. : 


MATERIALS AND METHODS 
Monoclonal Antibodies 


Five monoclonal antibodies designated. 
MAb Blg, MAb B6-30, MAb G26c, MAb 
K57-91C, and MAb K16-107 were used in. 
this study. MAb Blg and MAb B6-30 ar 
specific for the amino-terminus of rhodo 
sin. MAb G26c, MAb K57-91C, and MAb. 
K16-107 are known to be specific for the. 
carboxyl-terminus. All monoclonal anti- 
bodies were prepared by the fusion of 
mouse myeloma cells with spleen cells of 
mice previously immunized with bovine 
rhodopsin as previously described? All 
monoclonal antibodies are known to recog- 
nize human rhodopsin by immunoassay. 


Tissue D 
Five cases containing well-differentiated 





ogy of Wills Eye Hospital, Philadelphia. 
These five cases were specifically selected 
because our previous studies showed that — 
these same retinoblastomas expressed S . 
antigen, another protein in the visual- 
transduction pathway. All tissue was fixed 







in 37% formaldehyde, embedded in paraf- 
fin, and processed in the Department of 
Pathology. In each case, normal human — 
retina served as an internal control. — 





immunohistochemistry 
Rhodopsin antibody complex was local- 
ized by the avidin-biotin-complex tech- 
nique as described previously.’ Briefly, the 
slides were deparaffinized and hydrated. 
They were then treated with hydrogen 
peroxide in absolute methyl alcohol (1 mL... 
of 30% hydrogen peroxide per 95 mL of . 
methyl alcohol for 15 minutes) to inacti- 
vate intrinsic peroxidase. The slides were _ 
then rinsed in phosphate-buffered saline 







Retinoblastoma — Vrabec et al la 


(PBS) and incubated sequentially with 1% 
normal horse serum in PBS (20 minutes), 
undiluted monoclonal antibody tissue cul- 
ture supernatant or control mouse myelo- 
ma tissue culture supernatant (30 
minutes), and biotin-labeled horse anti- 
mouse immunoglobulin (1:200; 30 minutes), 
followed by avidin-biotin-horseradish per- 
oxidase complex (10 mg/L; 45 minutes), 
with rinses in PBS between each step. 
Diaminobenzidine in PBS containing 
0.05% hydrogen peroxide was used for 
color development (five minutes) The 
slides were counterstained with hematoxy- 











Monoclonal 
Antibody 








K57-91C C 
K16-107 C 


. Summary of Staining of Five Eyes With Retinoblastoma by 
Anti-Rhodopsin Monoclonal Antibodies 


Amino Acid 
Positions 


340-348 
327-338 0/5 5/5 
340-348 4/5 5/5 


lin and dehydrated through xylene, and a 
coverslip was applied. 


RESULTS 


The summary of staining of five 
cases of retinoblastoma with five mon- 
oclonal antibodies directed against the 
amino- and carboxyl-terminal por- 
tions of rhodopsin is shown in the 
Table. Two monoclonal antibodies, 
Mab B6-30 and MAb K16-107, localized 
rhodopsin in four (80% ) of five retino- 
blastomas. In the well-differentiated 









Normal 









0/5 5/5 












*N designates amino-terminal and C designates carboxy-terminal. 
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tDesignates number of cases staining positive /number of cases examined. 
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retinoblastomas (Fig 1, top) stained by 
MAb B6-30 or MAb K16-107, a charac- 
teristic "halo" staining pattern (Fig 1, 
bottom) was localized mainly to tumor 
cell foci associated with Flexner-Win- 
tersteiner rosettes or fleurettes. In 
each case, the pattern of immunoreac- 
tivity was similar in each retinoblasto- 
ma that stained. 

Three monoclonal antibodies, MAb 
Blg, MAb G26c, and MAb K57-91C, did 
not stain any portion of any neo- 
plasms. One tumor was not stained by 
any monoclonal antibody. 

All monoclonal antibodies bound 
strongly to the retinal rod cell outer 
segments in the non-tumor-associ- 
ated portion of all five retinoblasto- 
mas (Table). Figure 2 shows typical 
immunostaining of human retina with 
MAb B6-30. Only rod cells were 
stained by the antibody. No labeling 
of cone cell photoreceptors was 
observed. 


COMMENT 


The amino acid sequences of both 
the rod and cone cell visual photopig- 
ments have recently been determined 


Fig 1.— Top, Well-differentiated retinoblastoma showing Flexner-Win- 
tersteiner rosettes (hematoxylin-eosin, original magnification X 100). 
Bottom, Same tumor immunostained by monoclonal antibody B6-30 
showing “halo” staining pattern associated with rhodopsin immunore- 
activity (immunoperoxidase-hematoxylin, original magnification X50). 


Fig. 2.— Indirect immunoperoxidase stain of "normal" human retina 
adjacent to retinoblastoma by monoclonal antibody B6-30. Note stain- 
ing of rod outer segments (arrows) and absence of staining of cone 
photoreceptors (arrowheads) (same Section as in Fig 1, bottom) 
(immunoperoxidase-hematoxylin, 
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original magnification X 100). 
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These studies indicate that the molec- 
ular structure of rhodopsin and the 
color photopigments are similar, with 
each molecule consisting of a compact 
inyl protein composed of seven 
ices that span the photoreceptor 
“membrane. The amino acid 
equences of carboxyl-terminal por- 
tions of each of the rod and cone cell 
|... photopigments have similarities, indi- 
. . eating some degree of conservation of 
<- this portion of the molecule in evolu- 
^ tion.” In contrast, the amino-terminal 
= portions are unique to each class of 
photopigment. Monoclonal antibodies 
generated to the amino-terminal por- 
tion of rhodopsin are therefore poten- 
tially rod cell specific. 
Monoclonal antibody MAb B6-30 
.,. recognizes amino acid sequences three 
~ tol4inthe amino-terminal portion of 
= human and bovine rhodopsin. In our 
> study, MAb B6-30 bound to clusters of 
tumor cells in areas associated with 
. Flexner-Wintersteiner rosettes in ret- 
- ..jnoblastomas (Fig 1). Furthermore, 
MAb B6-30 also appeared to bind only 
© to rod cells of the normal human 
retina (Fig 2). Additional studies indi- 
cate that MAb B6-30 recognizes only 
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by DNA-sequencing techniques." — 





These findings support the hypothesis 
that the retinoblastoma cells stained 
by MAb B6-30 are of a rod cell lineage. 
Monoclonal antibody MAb K16-107 
also bound to selected tumor cells in 
the retinoblastoma cases examined. 
This monoclonal antibody is directed 
against the carboxyl-terminal portion 
of rhodopsin. Preliminary light mi- 
croscopic observations with this mon- 
oclonal antibody, however, indicate 
that in Xenopus, pig, and monkey 
there is cross-reactivity with cone 
cells (Pal Rohlich, personal communi- 
cation). Therefore, MAb K16-107 can- 
not be considered an exclusive marker 
for the identification of rod cells. The 
observation that several well-differ- 
entiated retinoblastomas did not stain 
with the anti-rhodopsin monoclonal 
antibodies may be due, in part, to 
several factors, including the failure 
of the tumor to express this protein. 
The finding of cone cell-specific anti- 
gens in retinoblastomas by Bogen- 
mann and associates’ suggests that 
retinoblastomas may also be capable 
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of differentiating along a | 


lineage. Their results are not inc 
patible with our results. Bogenmann. 
and associates used tissue culture cell. 
lines in their investigations. It is pos- — 
sible that cells maintained under . 
these conditions do not express the ` 
same gene products as the original . 
tumor. It is also possible that retino- . 
blastomas express both cone and rod . 
cell photopigments. Additional stud- . 
ies of retinoblastoma using antibodies _ 
to rod and cone cell-specific proteins - 
(as they become available) should help .: 
further clarify the nature of the cellu- — 
lar origin or retinoblastoma. | 
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€ The characteristic conjunctival scar- 
ring in cicatricial pemphigoid is a conse- 
quence of subepithelial fibrosis. The 
fibroblast is the cellular element responsi- 
ble for fibrosis. To increase the under- 
standing of the pathogenesis of abnormal 
fibrosis in cicatricial pemphigoid, the 
growth characteristics of conjunctival 
fibroblasts, from untreated patients with 
cicatricial pemphigoid (n — 9) and normal 
controls (n — 6), were studied in tissue 
culture. The latent period until fibroblast 
_ outgrowth began from the conjunctival 
. explant was determined, as were the plat- 
ing efficiency and doubling time of cells 
from first-passage cultures. Outgrowths 
of fibroblasts from patients with cicatri- 
cial pemphigoid appeared significantly 
.. sooner than from controls, 8.1 + 3.8 vs 
|. 19.3 + 6.4 (mean + SD) days. While 
there was no significant difference in the 
. Plating efficiency between fibroblasts 
.. from cicatricial pemphigoid (mean + SD, 
.; 116.4% + 44.6%) and those from con- 
. trois (71.0% + 39.4%), the doubling time 
: was significantly faster for cicatricial 
“pemphigoid than for controls, 26.5 + 8.5 
vs 50.7 + 7.8 hours. Thus, conjunctival 
fibroblasts from patients with cicatricial 
pemphigoid are hyperproliferative in tis- 
‘sue culture when compared with normal 
controls. Therefore, scarring, which char- 
acterizes cicatricial pemphigoid, may be 
. due, in part, to excessive fibroblast prolif- 
. eration. 
^^. (Arch Ophthalmol 
- 1067) 
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(Jieatricial pemphigoid is a primary 

autoimmune, ehronic-scarring 
disease of mucous membranes and 
skin.^ Conjunctival involvement oe- 
curs in 93% to 100% of patients and 
may result in blindness.'?^* The char- 
acteristic conjunctival scarring re- 
sults from subepithelial fibrosis'+*’ 
Progressive fibrosis leads to sym- 
blepharon, ankyloblepharon, trichia- 
sis, keratitis sicca, and conjunctival 
shrinkage.'*® Dense connective tissue 
and activated fibroblasts are observed 
during histologic and ultrastructural 
examination of the conjunctiva from 
patients with cicatricial pemphi- 
goid.*** The cellular element responsi- 
ble for this fibrosis is the conjunctival 
fibroblast.” 

Characterizing the cell biology of 
the conjunctival fibroblast may lead 
to an increased understanding of the 
pathogenesis of the scarring in cica- 
tricial pemphigoid. In tissue culture, 
we studied the growth characteristics 
of conjunctival fibroblasts from 
untreated patients with ocular cica- 
tricial pemphigoid and from normal 
control subjects. We also sought to 
correlate the growth characteristies 
of the fibroblasts from patients who 
had cicatricial pemphigoid with the 
severity of their disease. 


MATERIALS AND METHODS 
Subjects 


The two groups studied included nine 
patients with cicatricial pemphigoid and 
six normal subjects as controls. Patients 
with cicatricial pemphigoid included five 
women and four men who ranged in age 
from 67 to 90 years, with a mean age of 76.2 
years (Table). 

All patients had symblepharon, fulfill- 
ing Foster’s criteria of stage III ocular 
disease.'^** Two patients had oral mucous 





Hyperproliferation of Conjunctival Fibroblasts From 
Patients With Cicatricial Pemphigoid 
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membrane and skin involvement. No 
patients had received miotics,'* cytotoxie 
immunosuppressives,'* topical prostaglan- 
din inhibitors,’ and/or systemic or topieal 
steroids.'*"° None of the patients had atop- 
ic disease or a history of Stevens-Johnson 
syndrome, or chemical, thermal, or radia- 
tion injury.'^ The conjunctival inflamma- 
tion of patients with cicatricial pemphi- 
goid was graded 0 to 4+ on the basis of 
tarsal and bulbar conjunctival hyperemia 
and edema. 

The control conjunctiva was obtained 
from age-matched normal subjects who 
were undergoing cataract, corneal, or reti- 
nal surgery. Normal control subjects 
included two women and four men who 
ranged in age from 60 to 78 years, with a 
mean age of 72.3 years. 


Biopsy 


After obtaining informed consent, a 
2 X 2-mm piece of bulbar conjunetiva was 
excised from patients with cicatricial pem- 
phigoid and normal subjects. Topical pro- 
paracaine hydrochloride, 0.5%, was used as 
the anesthetic for patients with cicatricial 
pemphigoid and retrobulbar plus topical 
anesthetie or general anesthetic was used 
for normal controls. All samples were col- 
lected between 11 AM and 2 PM to avoid 
possible diurnal variation in the mitotic 
rate. Bulbar conjunctiva, 2 to 4 mm from 
the limbus, was obtained from the infra- 
nasal quadrant of the most inflamed eye. 
The biopsy specimen was divided: one half 
for tissue culture and the other half for 
assessment of the epithelial mitotic rate 
and histologic inflammation. 


Cell Culture 


The full-thickness conjunctival biopsy 
specimens were placed with the epithelium 
side up in a 35-mm tissue culture dish 
(Falcon, Becton Dickinson & Company, 
Lincoln Park, NJ). The explant was 
allowed to air dry for one to two minutes to 
promote adherence. Modified SHEM medi- 
um (1.5 mL) was added and changed twice 
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lILP indicates light perception; CF, counting fingers; and ND, test not done. 


Latent Period for Fibroblast Outgrowth, d 





Cicatricial 
Pemphigoid 


Normal 
Control 
Fig 1.—Latent period for conjunctival fibro- 
blast outgrowth in days, from normal controls 
(n = 6) and patients with cicatricial pemphi- 


'goid (n = 9). Group means are indicated by 


heavy wide bars and their SD by lighter, more 


narrow bars above and below. Means are 


significantly different (P = 8.8 X 107^) by Stu- 
dent's t test. 


each week. Modified SHEM medium is a 
complex medium that supports both epi- 
thelial cells and fibroblasts. If fibroblasts 
appeared before day 8, the SHEM medium 
was changed to FA medium, a simple 
medium that supports fibroblasts and con- 
sists of Dulbeeco's modified Eagle's medi- 
um with 1096 fetal bovine serum (GIBCO 
Laboratories, Grand Island, NY) and gen- 
tanfcin sulfate, 40 mg/L (Elkins-Sinn, 
Cherry Hill, NJ). If epithelial cell out- 


P .. growth occurred, but no fibroblast out- 
- growth was seen by day 8, the explant was 









. removed and replated on a 35-mm tissue 
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Plating Efficiency, 96 





Cicatricial 
Pemphigoid 


Normal 
Control 


Fig 2.—Twenty-four-hour percent plating effi- 
ciency for conjunctival fibroblasts from normal 
controls (n = 6) and patients with cicatricial 
pemphigoid (n = 9). Group means are indi- 
cated by heavy wide bars and their SD by 
lighter, more narrow bars above and below. 
Means are not significantly different. 


culture dish, and FA medium was added to 
the explant. If no outgrowth was seen by 
day 14, the SHEM medium was changed to 
FA medium. 

Once confluency was reached, single-cell 
suspensions were produced with trypsin 
(0.0595) and edetie acid (EDTA) (0.02% ). 
Duplicate subcultures of 2 X 10* cells were 
plated on 35-mm tissue culture dishes, and 
1.5 mL of FA medium was added. At days 1 
through 4 and 7, single-cell suspensions 
were produced with trypsin and edetie 
acid. Four samples of each duplicate sub- 
culture were counted using a cell counter 
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Fig 3. —Doubling time in hours for conjunctival 
fibroblasts from normal controls (n = 6) and 
patients with cicatricial pemphigoid (n = 9) 
Group means are indicated by heavy wide 
bars and their SD by lighter, more narrow bars 
above and below. Means are significantly 
different (P = 8.8X 1075) by Student's 

test. 





(Elzone 180 XY, Particle Data, Inc, Elm- oo 
hurst, IH). 2 

The latent period for fibroblast out- T 
growth was determined by observing the 
primary cultures for the day that fibro- 
blast outgrowth first appeared.” Cells. ` 
were classified as fibroblasts on their . 
appearance. This decision was confirmed ©. 
by observing the morphologie and culture 
characteristics of subsequent generations se 
of the original outgrowth through many 
passages. 

Plating efficiency represents the fra - 
tion of the initial inoculum of cells t th 
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adhere. It is useful as a control for the 
method and was caleulated by dividing the 
initial number of cells plated by the num- 
-ber of cells at 24 hours. 

Doubling time represents the length of 
-time required for the cell number to double 
during the log phase of growth and was 
calculated using the following formula:'^' 


Doubling Time, h = (Day, — Day,) x 24 
hX Log 2/Log (Cell Count;) — Log (Cell 
Count) 


Epithelial Mitotic Rate and Histologic 
Inflammation 


The conjunctival biopsy specimens from 
patients with cicatricial pemphigoid were 
placed in 1.0 mL of Dulbecco’s modified 
Eagle’s medium (GIBCO Laboratories, 
Grand Island, NY), with 10 mCi of tritiated 
thymidine (20 mCi/mol) (New England 
Nuclear, Boston) for 2.5 hours at 37°C. The 
specimens were fixed in 4% formaldehyde 
solution and then embedded in paraffin. 
. Unstained 7-um sections were dipped in 
emulsion, developed, and stained with peri- 
odie acid-Schiff and hematoxylin.’ The epi- 
. thelial mitotic rate was determined by 
: counting the number of labeled cells per 
- 100 basal cells. 
Hematoxylin-eosin-stained 7-um see- 
. tions were examined to quantify histologic 
. inflammation. The amount of histologic 
inflammation was determined by counting 
. the number of polymorphonuclear leuko- 
` cytes and mononuclear cells over the entire 
- biopsy specimen and dividing this value by 
: the estimated number of high-power fields 
. (magnification of 400X, area of 0.113 mm) 
. occupied by the biopsy." 

. Allobservations were made in a masked 
fashion. 





































Statistical Analysis 


Statistieal analysis was performed by 
-applying Student's ¢ test for the compari- 
.$on of the latent period for fibroblast 
- outgrowth, plating efficiency, and doubling 
.time of conjunctival fibroblast from 
patients with cicatricial pemphigoid to 
_ those from normal controls. 

.. Pearson's coefficient of correlation and 
.Fisher's Exact Test were applied to deter- 
nine if there was a correlation of age, 
Clinical inflammation, histologic inflam- 
- mation, epithelial mitotic rate, or the log 
epithelial mitotic rate with the latent peri- 
od for fibroblast outgrowth, inverse of the 
latent period for fibroblast outgrowth, 
‘doubling time, or inverse of the doubling 
-time of conjunctival fibroblasts from 
-patients with cicatricial pemphigoid. 


RESULTS 


.. Outgrowths of fibroblasts from con- 
junctival explants from patients with 
cicatricial pemphigoid appeared in 
tissue culture sooner than from nor- 
mal controls. The average (mean + 
SD) latent period for fibroblast out- 
growth was 8.1 + 3.8 days for patients 
with cicatricial pemphigoid (n = 9) 
and 19.3 + 6.4 days for normal con- 
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trols (n = 6). This difference was sta- 
tistically significant (P = 8.8 x 10-*) 
(Fig 1). 

The average (mean + SD) 24-hour 
percent plating efficiency for conjunc- 
tival fibroblasts was 116% + 44.6% 
from patients with cicatricial pem- 
phigoid (n = 9), and it was 71.0% + 
39.4% from normal controls (n = 6): 
these values are not significantly dif- 
ferent (Fig 2). 

The doubling time of conjunctival 
fibroblasts was faster for patients 
with cicatricial pemphigoid than for 
normal controls. The average 
(mean + SD) fibroblast doubling 
time was 26.5 + 8.5 hours for patients 
with cicatricial pemphigoid, and it 
was 50.7 + 7.8 hours for normal con- 
trols. This difference was significant- 
ly different (P = 8.8 X 107) (Fig 3). 

For patients with cicatricial pem- 
phigoid, there was no statistically sig- 
nificant correlation of age, clinical 
inflammation, histologic inflamma- 
tion, epithelial mitotic rate, or the log 
epithelial mitotic rate with the latent 
period for fibroblast outgrowth, the 
inverse of the latent period for fibro- 
blast outgrowth, the doubling time, or 
the inverse of the doubling time of 
conjunctival fibroblasts (Table). 


COMMENT 


Abnormalities in fibroblast prolif- 
eration have been described in dis- 
eases with abnormal connective tis- 
sue. The scleral fibroblast from 
patients with nanophthalmos prolifer- 
ates slower in tissue culture than 
scleral fibroblasts from normal pa- 
tients.'* Fibroblasts from the synovia 
of inflammatory arthropathies and 
the dermis of patients with psoriasis" 
are hyperproliferative. However, in 
scleroderma, a disease with abnormal 
dense subcutaneous connective tissue, 
the fibroblasts proliferate at the same 
rate as from normal subjects.!*/* 

Cicatricial pemphigoid is a disease 
characterized by abnormal conjuncti- 
val connective tissue.^^*" In this study, 
we examined the tissue culture 
growth characteristics of conjunctival 
fibroblasts from patients with cieatri- 
cial pemphigoid and age-matched nor- 
mal controls. Fibroblasts from pa- 
tients with cicatricial pemphigoid 
grew out of the conjunctival explants 
in tissue culture in less than half the 
time (8.1 days) than that required for 
fibroblasts from normal subjects (19.3 
days, P = 8.8 X 10). McGuigan and 
coworkers” reported that normal con- 
junctival fibroblasts double every 54 
hours. In this study, we found that the 
doubling time for conjunctival fibro- 
blasts from patients with cicatricial 











pemphigoid was 26.5 hours, almo 
twice as fast as the 50.7 hours 
required for normal conjunctival 
fibroblasts to double. 

The fundamental mechanism of 
fibroblast hyperproliferation, as dem- 
onstrated by both a shorter latent 
period for fibroblast outgrowth and a 
faster doubling time, may be clonal 
selection, wherein cellular or humoral 
events lead to a secondary selection of 
a subpopulation of fibroblasts com- 
mitted to hyperproliferation from a 
heterogeneous population of fibro- 
blasts" altered expression of a gene 
or genes involved in proliferation!*!*?!. 
or the result of stimulatory factors 
where in vivo exposure to a factor 
alters the fibroblast, leading to hyper- 
proliferation. 0722 In our experi- 
ment, the characteristic hyperprolif- 
eration persisted through multiple 
cell divisions and media changes, 
which would have “washed out” a 
stimulatory factor with a temporary 
effect. Therefore, only stimulatory 
factors that lead to a persistent 
change in phenotype could explain the 
hyperproliferation seen in our 
study.” 

The conjunctival changes of cicatri- 
cial pemphigoid are believed to result 
from an antibody-mediated cytotoxic 
response, with binding of circulating 
antibodies against lamina lucida of 
stratified squamous epithelial base- 
ment membrane. Complement fixa- 
tion occurs, and an inflammatory 
infiltrate that consists of polymor- 
phonuclear leukocytes acutely, or 
mononuclear cells chronically, forms 
in the subepithelial tissue.'? 

We postulate that complement, pro- 
teolytic enzymes, reactive oxygen spe- 
cies, monokines, and lymphokines 
from effector cells cause the epithelial 
hypermitosis, fibroblast activation, 
and hyperproliferation.2*19227 This 
hyperproliferation is the result of 
altered gene expression due to a phe- 
notypic change by clonal selection, or 
stimulatory factors with a persistent 
effect on the genotype./9:27 The 
activated fibroblasts are abnormally 
hyperproliferative and produce an 
abnormal extracellular matrix that is 
manifest clinically by subepitkelial 
fibrosis, symblepharon, ankyloble- 
pharon, trichiasis that occurs when 
conjunctival shrinkage drags the 
lashes inward, and keratitis sicca that 
is secondary to obliteration of the 
lacrimal gland orifices by subepithe- 
lial fibrosis.'? e 

In patients with cicatricial pem- 
phigoid, we have found no correlation 
of latent period for fibroblast out- 
growth or doubling time with patient 
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almost |. 






age, cH 
inflammation, or epithelial mitotic 
rate. However, all of the patients in 
this study did have an abnormally 
. decreased latent period for fibroblast 
outgrowth, decreased doubling time, 
„increased histologic inflammation, 
"increased epithelial mitotic rate, and 
-signs of clinical inflammation. The 
-lack of significant quantitative corre- 
. lation further emphasizes the com- 
plex nature of the autoimmune phe- 
nomena in this disease. However, 
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since the latent period 1 dor fibroblast 


outgrowth and doubling time were 
abnormal in our patients with cicatri- 
cial pemphigoid, observing these fea- 
tures of fibroblast proliferation in tis- 
sue culture may prove to be useful as a 
laboratory adjunct in the diagnosis of 
cicatricial pemphigoid. 

Identifying abnormalities at the 
cellular level may lead to new topical 
or systemie drugs that specifically 
and selectively inhibit fibroblast pro- 
liferation.'?>” These drugs may 
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As we further our understanding c 
the pathogenesis of cicatricial pem 
phigoid, we will increase our ability t 
diagnose and treat this potentially 
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. in the Guinea Pig 




































.. À New In Vivo Model 


| € Corneal intrastromal inoculation of 
guinea pigs with approximately 10‘ 
plaque-forming units of live, adapted vari- 
cella-zoster virus (VZV) resulted in repro- 
ducible, acute, superficial corneal dis- 
ease in all animals. The culture-positive 
VZV ocular infection progressed to 
involve 30% to 40% of the corneal sur- 
face in a diffuse punctate keratitis and 
10% to 15% of this surface with micro- 
dendrites, characteristic of VZV-induced 
ocular disease. Retrograde dissemination 
of VZV to the trigeminal ganglia, midbrain, 
. cerebellum, and superior cervical ganglia 
was demonstrated by whole-cell cocul- 
. ture VZV recovery. Central nervous sys- 
- tem VZV dissemination, manifested by 
transient neurologic symptoms and pneu- 
monitis, was evident in 60% of the ani- 
mals. Varicella-zoster virus spread to the 
trigeminal ganglion during acute and ear- 
ly-latent infection was evident by electron 
^ microscopy. 
{Arch Ophthalmol |. 1989;107:1068- 
. 1072) 
Varicella (chickenpox) and herpes 
_* zoster (shingles) are two distinct 
clinical diseases caused by the same 
virus—varicella-zoster virus (VZV). 
The viruses are identical by two crite- 
ria: (1) transmission of VZV from 
herpes zoster often induces varicella 
- infection, and (2) virus isolated from 
-herpes zoster is antigenically indistin- 
 guishable from varicella.“ Serocon- 
version to VZV in humans approaches 
-100% by the age of 60 years in the 
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Ocular Varicella-Zoster Virus Infection 


. Deborah Pavan-Langston, MD, Edmund C. Dunkel, PhD 


United States, with an estimated 2.8 
million eases of varicella occurring 
annually. Major complications of pri- 
mary varicella-zoster infection, pneu- 
monia and encephalitis, account for 
100 to 200 deaths per year.’ Herpes 
zoster may be a recurrent form of the 
varicella infection in which, after a 
period of latency in the sensory gan- 
glion, the virus reactivates for un- 
known reasons and moves antidromi- 
cally along the nerves, with or without 
a viremia, to involve the dermatome 
in an often severe vesicular, scar- 
forming rash. Exogenous virus is 
rarely involved in the reactivation 
process.’* 

Functional viral latency for all her- 
pesviruses is defined as the life cycle 
stage when infectious virus can be 
recovered from whole-cell but not 
from cell-free coculture assays. The 
lifelong potential for virus production 
(reactivation) in infected hosts is 
retained possibly by incorporating the 
viral genome into host cell DNA. 
Since no suitable animal model of 
VZV infection has existed previously, 
and isolation of VZV by tissue culture 
is difficult, the hypothesis of VZV 
latency, reactivation, and ensuing 
end-organ and neural disease has nev- 
er been tested, to our knowledge, nor 
has the latent state been character- 
ized in vivo or in vitro.'’ Only limited, 
indirect evidence is available to 
describe the VZV latency state. 
Whole-cell coculture recovery of 
latent VZV from previously infected 
ganglia (human and experimental) at 
routine autopsies (no active VZV dis- 
ease) has failed. However, if active 
VZV infection, manifested by skin 
lesions or viremia, or both, exists at 





the time of death, VZV can be recov- 
ered from related sensory nerve gan- 
glia by whole-cell coculture and 
immunofluorescence assay. 9N 

Recently, sensitive molecular DNA 
dot blot and in situ nucleic acid 
hybridization techniques have demon- 
strated the VZV genome in acutely 
infected and normal ganglia" and in 
vesicular aspirates." Varicella-zoster 
virus RNA has been detected in nor- 
mal human ganglion sections by in 
situ hybridization, and virus particles 
have been demonstrated by electron 
microscopy in neurons immediately 
after resolution of acute VZV infec- 
tion. 56 

The VZV-host latency relationship, 
although ill defined, appears to be a 
dynamic rather than a static process, 
and immunologic containment of 
virus in a quiescent state may be 
related directly to the periodic viral 
activity and immunocompetency of 
the host. These hypotheses can 
explain intermittent rises in the level 
of IgM antibody to VZV due probably 
to sporadic reactivation of latent 
virus in asymptomatic subjects with a 
history of varicella infection, and to 
the increasing prevalence of zoster 
with age and with immunosuppres- 
sion." 

This study describes a new ocular 
and systemic model of VZV-induced 
infection in guinea pigs and evaluates 
both acute (primary) and early-latent 
VZV infection. (The term early-latent 
infection is used to describe the laten- 
cy state of the VZV infection from 
days 14 to 21 after inoculation.) Clini- 
cal, functional VZV recovery parame- 
ters and electron microscopy have 
been used to characterize this model. 
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MATERIALS AND METHODS 
Cell Monolayers 


Human embryonic lung (HEL) cell 
monolayers were maintained in 75-cm’ 
flasks in minimum essential medium 
(MEM) containing 10% calf serum, 20 mg/ 
L of amphotericin B, (Fungizone), 20 mg/L 
of gentamicin sulfate, and 50 mmol/mL of 


a L-glutamine (Gibco, Grand Island, NY). 


UR 
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The final pH of the MEM was adjusted to 
74 with sterile sodium bicarbonate. The 
HEL cell monolayers were subcultured 
into eight-well chambers (Fisher Scientif- 
ic, Pittsburgh) and maintained in MEM at 
37°C in a 95% oxygen, 5% carbon dioxide 
humid atmosphere until confluency was 
attained. 


VZV Adaptation 


The VZV strain used in these experi- 
ments was isolated from a confirmed clini- 
cal ease of thoracic zoster in a 31-year-old 
woman during her second trimester of 
pregnancy. Vesicle scrapings and aspirated 
vesicle fluid (cell-associated) VZV were 
adsorbed onto duplicate HEL cell monolay- 
ers in the 75-cm? flasks for one hour at 
37°C with intermittent rocking. The VZV- 
inoculated monolayers were observed daily 
for the development of a cytopathologic 
condition consistent with VZV infection (a 
VZV cytopathic effect [CPE]). When a VZV 
CPE was evident (2+ to 3+), the VZV- 
inoculated cells were harvested (scraped) 
and pelleted by centrifugation (1000 g for 
five minutes). Cell-associated VZV was 
either inoculated again onto fresh HEL 
cell monolayers (to maintain a pool of 
actively replicating VZV) or used to inocu- 
late primary guinea pig kidney (GPK) cell 
monolayers. 

Confluent GPK cell monolayers (75-cm’ 
flasks) were washed three times with 
Hanks’ balanced salt solution (HBSS) and 
inoculated with 1.0-mL cell-associated 
VZV by adsorption for one hour at 37°C. 
Nine days after inoculation, monolayers 
were harvested as described previously. 
One milliliter of the harvested VZV-GPK 
cell suspension was inoculated onto fresh, 
confluent GPK cell monolayers. Another 
1-mL aliquot of the GPK-adapted virus 
was inoculated onto HEL monolayers 
(backpassage) to confirm the presence of 
VZV in the adapted culture. Varicella- 
zoster virus-inoculated GPK cell cultures 
were harvested and passed every nine days 
through nine independent passages wheth- 
er or not a VZV CPE was evident (total 
VZV adaptation period, 81 days). 


VZV inoculation 


Thirty guinea pigs (age range, 2 to 3 
weeks; weight range, 150 to 200 g) were 
examined by slit-lamp biomicroscopy 
before inoculation to ascertain that all 
eyes were free of preexisting corneal dis- 
ease. Animals were then anesthetized by 
intramuscular injection of 5 mg/kg of pen- 
tobaebital (Nembutal) sodium, and 25 
guinea pigs received bilateral, central cor- 
neal intrastromal injections of 0.1-mL ceil- 
associated VZV (approximately 10* plaque- 
forming units; GPK passage 9). The 


. remaining five animals were sham-inocu- 
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lated with 0.1 mL of MEM containing 
noninfected GPK cells. The 0.1-mL intra- 
stromal inoculum (in both experimental 
and control animals) produced central 
stromal edema (3 X 3 mm) that obscured 
more than 80% to 90% of the corneal 
clarity but cleared completely within 12 to 
36 hours after injection. After injection, 
animals were randomized immediately 
into five groups of six animals each (five 
inoculated animals and one sham-inocu- 
lated control animal per group). 

All VZV-inoculated and control animals 
were observed daily by slit-lamp biomi- 
croscopy after instillation of one drop of 
fluorescein sodium. Animals were also 
evaluated daily for neurologic and system- 
ic signs of disseminated VZV infection. 

Ocular VZV shedding was monitored by 
tear film culture on days 1, 3, 5, 7, 9, 11, 13, 
15, and 21 after inoculation. A sterile cot- 
ton-tipped swab was rolled over the upper 
and lower conjunctival cul-de-sac and 
retained in the nasal fornix for 5 to 10 s. 
Care was taken to ensure that the swab did 
not contact the corneal epithelium. Swabs 
were eluted subsequently in 0.5 mL of 
HBSS for 15 s, and 50-uL aliquots were 
adsorbed onto confluent HEL cell mono- 
layers in eight-well chambers. Tear film 
cultures were observed by inverted light 
microscopy for 21 days and scored positive 
or negative for VZV." 

A different group of animals (five VZV- 
infected animals and one control) were 
killed on one of the following days: days 5, 
7, and 9 during acute infection and days 15 
and 21 during early-latent VZV infection. 
Full-thickness corneal buttons, trigeminal 
ganglia, midbrain, superior cervical gan- 
glia, cerebellum, and lung tissue biopsy 
samples were aseptically removed, washed 
three times in HBSS, and minced. A ran- 
dom portion of the minced tissue was 
placed into whole-cell coculture on dupli- 
cate confluent HEL cell monolayers. Sam- 
ples were incubated at 37°C for 21 days and 
observed daily by inverted light microsco- 
py to detect a VZV CPE. Samples that 
failed to demonstrate a VZV CPE by day 21 
after inoculation were blind-passaged to 
fresh HEL cell monolayers to verify nega- 
tivity. Selected trigeminal ganglia from 
experimental and control animals that 
were killed on days 5 and 21 after inocula- 
tion were fixed for electron microscopy. 


Electron Microscopy 


Electron microscopy methods were 
based on those of Cornell-Bell et al.” 
Experimental and control ganglion sam- 
ples were removed from the animals at the 
time they were killed, washed three times 
in HBSS, and transferred immediately to 
cold 3% glutaraldehyde in 0.1-mol/L mor- 
phoethan sulfonic acid buffer and Bouin's 
fixative containing formaldehyde, acetic 
acid, ethyl alcohol, and picric acid for 24 
hours at 4?C. Tissue samples were post- 
fixed in osmium tetroxide (0.596) in 0.1- 
mol/L morphoethan sulfonic acid buffer 
for three hours, dehydrated in a graded 
series of ethyl aleohol, and embedded in 
Spurr’s resin. Thick sections were cut from 
tissue blocks, and areas of interest were 
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localized (trigeminal ganglion cell bodies). 
Thin sections were cut subsequently from. 
three different areas of each block separat- 
ed by a minimum of 20 um. Twenty to 30 
thin sections were observed from each area 
of the block and viewed with an electron | 
microscope (Philips 410) with an accelerat- 

ing voltage of 80 kV. 


RESULTS 


Varicella-zoster virus, isolated from _ 
clinical scrapings and vesicular fluid, 
produced a characteristic VZV cytopa- 
thologic condition in HEL monolayers 
by days 6 to 8 after inoculation. The 
VZV CPE increased to a 2+ to 3+ level 
(50% to 75% monolayer involvement) 
by day 12 after inoculation. 

Inoculating GPK cultures (passage - 
1) with cell-associated VZV from 
stock HEL monolayers did not 
produce a visible cytopathologic con- 
dition by day 9 after inoculation. 
However, a VZV CPE was demon- 
strated by backpassage of harvested | 
VZV-GPK cells (passage 1) to HEL- 
cell monolayers. A continued adapta- . 
tion passage of the VZV-GPK cell- 
associated virus resulted in a focal - 
VZV cytopathologic condition by days - 
6 to 8 after inoculation of passage T. . 
The VZV cytopathologic condition in 
GPK cells was linear, focal, and slow | 
growing. Monolayers were maintained | 
until days 11 to 20 after inoculation . 
before a VZV CPE reached a 2+ to 3+ 
level. Backpassage of adapted VZV- | 
GPK isolates to HEL cell monolayers . 
produced a cytopathologic condition 
characteristic of nonadapted VZV. S8 

Corneal intrastromal inoculation of |. 
adapted VZV (passage 9) into guinea 
pigs induced a diffuse, superficial 
punctate keratitis and mierodendrites ES 
(5% to 10% of the corneal surface)  . 
that was evident by slit-lamp biomi- .. 
eroscopy on days 2 to 3 after inoeula- 
tion in all VZV-inoculated animals 
(Fig 1). A moderate, diffuse conjuncti- 
val hyperemia developed in all VZV- 
infected animals, and a subconjuncti- 
val hemorrhage developed in seven 
animals near the limbus on day 4 .. 
after inoculation (Fig 1) Iritis was 
not evident in any VZV-infected ani- .. 
mal. Ocular surface involvement in all > 
animals progressed through days4to  . 
6 after inoculation, resulting in mod- — 
erate to severe punctate keratitis that ~ 
involved 30% to 40% of the corneal 
surface and microdendrites that 
involved 10% to 15% of the corneal 
surface. a 

By day 4 after inoculation, 60% ae 
(15/25) of the animals demonstrated _ 
clinical signs of a VZV-induced pneu- 
monitis with tachypnea and dyspnea. 
Congestion and edema, characteristic _ 
of viral interstitial pneumonia and 
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Fig 1.—Ocular and systemic varicella-zoster virus (VZV)-induced effects after intrastromal inoculation in guinea pigs. Left, 
VZV-induced ocular infection on day 5 after inoculation. Superficial punctate keratitis (15% to 20% of corneal surface) and 
zoster microdendrites (5% to 10% of corneal surface) are evident (arrow) (0.5% methylene blue, X350). Top right, 
Subconjunctival hemorrhage in guinea pig eye on day 5 after inoculation (arrows) (X100). Bottom right, VZV-induced 


neurologic symptoms on day 6 after intrastromal inoculation. Partial to total hind-li 


posturing are demonstrated (X0.3). 


mb paralysis and opisthotonic head 


Table 1.—Ocular and Systemic VZV-Induced Disease in Guinea Pigs * 


No. of Animals With 
Ocular VZV Disease Showing 
Days After Lung 
Inoculation SPKt Microdendritest Conjunctivitis 


Experimental Animals 


No. of 
Animalst 


25 5 25 (22) 4 5 
7 19 (28) 18 (29) 9 16 
9 8 (12) 9 (21) 3 10 


5 Control 


* VZV indicates varicella-zoster virus; SPK, superficial punctate keratitis. 


Disorder 





No. of Animals With 
Systemic VZV Disease Showing 


OL? _ 


Tear Film 
5th Neural VZV 


Paralysis Palsy Recovery 


O O 





tTotal number of animals evaluated (five VZV-infected animals and one control animal were killed at each time interval). 


Numbers in parentheses represent average percentage of corneal epithelium involvement. 


Table 2.—Recovery of VZV From Whole-Cell Cocultures During Acute and 
Early-Latent VZV Infection* (No. of Positive Samples) 


Trigeminal 
Ganglia 
(n = 10) 


Experimental Animals 
5 5 6 2 1 


Control Animals 
Control [0] 0 0 O 


*VZV indicates varicella-zoster virus. 
tFive VZV-infected animals and one control were killed at each experimental time point. 


Midbrain 
(n = 5) 


Cerebellum 
(n = 5) 


Days After 
Inoculation țt 
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lymphocyte infiltration, were evident 
in lung biopsy sections at autopsy. 
Neurologic symptoms in VZV-infected 
animals included the absence of cor-, 
neal sensation, as indicated by a loss 
of the blink reflex with corneal stimu- 
lation (fifth nerve palsy), head and 
body tremor, partial to total hind- 
limb paralysis, and opisthotonic head 
posturing (Fig 1). Clinical signs of 
ocular VZV infection resolved in fhore 
than 90% of the animals by days 6 to 9 
after inoculation, and neurologic and 
systemic disease symptoms resolved 
by days 12 to 15 after inoculation 
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Fig 2.—Top left, Trigeminal ganglion (TG) cell nucleus of a sham-inoculated animal. Nucleus and 
cytoplasm are normal (X18000). Top right, TG cell nucleus from varicella-zoster virus 
(VZV)-inoculated guinea pig on day 7 after inoculation. Chromatin clumping is evident (arrow), 
and cytoplasm contains vacuoles (arrowhead) (X15800). Bottom left, TG cell nucleus from 
VZV-inoculated animal on day 21 after inoculation. Nuclear membrane is folded (arrow), and 
numerous vacuoles are present in cytoplasm (arrowhead) (X 17 200). Bottom right, VZV-induced 
alterations (myelin sheath gaps and focal lamellar disruption [arrowheads]) in axonal myelin 
sheath in guinea pig 21 days after inoculation (X20 500). 


(Table 1). One animal died spontane- 
ously on day 6 after inoculation. 

During early-acute ocular infection, 
VZV was recovered from tear film and 
conjunctival cultures (13 of 50 cul- 
tures on day 5 after inoculation and 
nine of 40 cultures on day 7 after 
inoculation). No VZV was recovered 
from tear film cultures of experimen- 
tal animals after day 7 following inoc- 
ulation or from any control animal. 
Hind III restriction digest of VZV 
isolates before and after adaptation 
passage and from VZV isolates recov- 
ered from both tear film and trigemi- 
nal ganglion cultures indicated no dif- 
ference in the VZV digest patterns 
after 0.8% agarose gel electrophoresis 
(data not presented). 

Varicella-zoster virus recovery 
from corneal whole-cell coculture is 
presented in Table 2. Varicella-zoster 
virus was recovered from 11 of 30 
corneal whole-cell cultures only dur- 
ing acute infection in experimental 
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animals (15 animals that were killed 
on days 5, 7, and 9 after inoculation). 
No VZV was recovered from corneal 
cultures after day 9 following inocula- 
tion (zero of ten animals). Recovery of 
VZV from trigeminal ganglia and 
from central nervous system (CNS) 
tissue samples during both acute and 
early-latent infection is also present- 
ed in Table 2. 

Varicella-zoster virus was recov- 
ered by whole-cell coculture in CNS 
areas during both acute and early- 
latent infection. Electron microscopic 
evaluation of trigeminal ganglia on 
day 5 after inoculation (acute VZV 
infection) demonstrated mild myelin 
sheath destruction, emargination of 
chromatin, and nuclear viral inclu- 
sions characteristie of viral infection 
(Fig 2). Moderate to severe morpho- 
logic ganglion changes were evident in 
thin sections on day 21 after inocula- 
tion. These changes included severe 
myelin sheath disruption, nuclear 


membrane folding, and chromatin 
emargination (Fig 2). No ganglionic 
changes were evident in control ani- 
mals (Fig 2). 


COMMENT 


In this study, we confirmed and 
extended previous observations^?"?' on 
in vitro growth and replication of VZV 
in nonprimate tissue cells (GPK). 
Although extensive cytopathologic 
conditions in these monolayers devel- 
oped slowly (11 to 20 days after inocu- 
lation), the VZV infection progressed 
and resulted in moderate VZV titers 
(10? to 10* plaque-forming units were 
determined by plaque assay; methods 
are not presented). Using this GPK- 
adapted VZV, we developed a repro- 
ducible, clinically apparent animal 
model of ocular and systemic VZV 
infection. 

Other in vivo models of VZV infec- 
tion have been described. In one mod- 
el, intranasal inoculation of adapted 
VZV in weanling guinea pigs produced 
nasal VZV replication, positive sero- 
conversion to VZV, generalized vire- 
mia, and  animal-to-animal VZV 
transmission. Clinically discernible 
VZV disease in this model was not 
evident.” In another guinea pig model, 
inoculation of the cornea with VZV 
produced an antibody response to 
VZV, but no ocular VZV lesions devel- 
oped.” 

Exanthematous VZV-induced dis- 
ease has also been reported in a cyno- 
molgus monkey model? that used a 
herpesvirus immunologically related 
to human VZV (Medical Lake Ma- 
caque and Delta herpesvirus). In this 
primate model, generalized viremia 
occurred before the onset of exan- 
them. However, clinically apparent 
disease and persistence of the viral 
infection in the CNS were not demon- 
strated, and the virus could not be 
reactivated. Rhesus monkey and 
baboon models of VZV infection fol- 
lowing intrastromal corneal injection 
of live VZV have been demonstrated 
(M.T. Green, MD, and E.C.D., unpub- 
lished data, 1985). Active corneal dis- 
ease (corneal microdendrites or super- 
ficial punctate keratitis) was not 
observed, but animals seroconverted 
to VZV, and VZV was recovered from 
trigeminal ganglia by whole-cell 
coculture during acute infection (days 
5 to 11 after inoculation). 

The guinea pig model of primary 
VZV ocular infection developed in this 
study mimics human VZV ocular 
infection. Although our model has 
been characterized only partially, the 
experimental VZV infection is similar 
to human VZV-induced disease in 
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many respects: virologic criteria 
(whole-cell and cell-free VZV recov- 
ery), progressive conjunctival and cor- 
neal epithelial involvement (superfi- 
cial punctate keratitis and microden- 
drites), and dissemination of the VZV 
infection to the CNS and lungs. (As 
demonstrated by whole-cell coculture, 
virus was recovered from the lungs, 
trigeminal ganglia, and CNS [mid- 
brain and cerebellum].) Dissemina- 
tion of the VZV infection to the lungs 
and CNS in this model will enable 
researchers to study both end-organ 
(ocular) and systemic VZV infection 
processes. 

The importance of a valid VZV ani- 
mal model is attested to by the preva- 
lence and seriousness of clinical dis- 
ease in humans. Hope-Simpson’s™ 
population-based British study indi- 
cates that the annual zoster attack 
rate rises steadily between the ages of 
0 and 19 years, plateaus at 3/1000 
cases between the ages 20 and 49 
years, and then rises sharply to 10/ 
1000 cases by the eighth decade of life. 
An increased incidence of the recur- 
rent VZV infection in the elderly 
agrees with a Mayo Clinic (Rochester, 
Minn) population-based review in 
which at least 300 000 new zoster cases 


1. Weller TH: Varicella and herpes zoster: I. 
Changing concepts of the natural history, con- 
trol, and importance of a not-so-benign virus 
(first of two parts). N Engl J Med 1983;309:1362- 

1368. 

. 2. Weller TH: Serial propagation in vitro of 
agents producing inclusion bodies derived from 
varicella and herpes zoster. Proc Soc Exp Biol 
: Med 1953;83:340-346. 
. .$. Weller TH, Coons AH: Fluorescent antibody 
_ Studies with agents of varicella and herpes zoster 
propagated in vitro. Proc Soc Exp Biol Med 
1954;,86:789-794. 
4. Weller TH, Witton HM, Bell EJ: The etio- 
logic agents of varicella and herpes zoster: Isola- 
tion, propagation, and cultural characteristics in 
vitro. J Exp Med 1958;108:843-868. 
9. Gershon AA, Steinberg SP: Antibody 
responses to varicella-zoster virus and the role of 





















. 6 Annual summary 1980: Reported morbidity 
and mortality in the United States. MMWR 
 1981;29:1-28. 

T. Thomas M, Robertson W: Dermal transmis- 
sion of a virus as a cause of shingles. Lancet 
.1968;2:1349-1352. 

. .& Straus SE, Reinhold W, Smith HA, et al: 
Endonuclease analysis of viral DNA from vari- 
cella and subsequent zoster infections in the 
same patient. N Engl J Med 1984;311:1362-1364, 
9. Dunkel EC, Geary PA, Bean KM, et ak 
. Varicella zoster virus infection in vitro: A corne- 
. al epithelial cell eulture model, in Piatigorsky J, 
Shinohara T, Zelenka PS (eds): Molecular Biolo- 
-gy of the Eye: Genes, Vision, and Ocular Disease. 
New York, Alan R Liss Inc, 1988, pp 355-364. 
 .10. Esiri MM, Tomlinson AH: Herpes zoster: 
Demonstration of virus in trigeminal nerve and 
ganglion by immunofluorescence and electron 
microscopy. J Neurol Sci 1972:15:35-48. 


1072 Arch OphthalmolI— Vol 107, July 1989 


were estimated to occur annually in 
the United States.” 

No well-defined, effective therapeu- 
tie approach to VZV infection has 
been established, to our knowledge. 
Early therapy is aimed, often unsuc- 
cessfully, at controlling acute, infec- 
tious vesicular disease, preventing 
dissemination and controlling the 
inflammatory response in an effort to 
prevent nerve and tissue dam- 
age. 775? Intravenous and oral acy- 
clovir and bromovinyldeoxyuridine 
have been of value in reducing the 
sequelae (except for postherpetic neu- 
ralgia) associated with herpes zos- 
ter," and two vaccines now being 
tested for varicella are years away 
from ultimate assessment and avail- 
ability. Corticosteroids have long 
been used topically and systemically 
in selected VZV cases to control the 
destructive inflammatory processes 
and to alleviate postherpetic neural- 
gia.*? Major risks associated with the 
use of these compounds include fatal 
dissemination of disease (pneumonitis 
and encephalitis), bacterial or fungal 
ocular superinfection, glaucoma, cata- 
ract, and corneal wound-healing 
impairment.?!6 

Further investigations using this 
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Ocular Findings in Arteriohepatic 
Dysplasia (Alagille's Syndrome) 


24-year-old black man with a history 

of congenital intrahepatic biliary 
atresia complained of shoulder and abdom- 
inal pain. He was of small stature and had 
triangular facies, a systolic ejection mur- 
mur, abdominal protuberance, and tender 
hepatomegaly. Laboratory findings were 
consistent with cholestasis. Roentgeno- 
graphic studies revealed a “butterfly” ver- 
tebra at T-10, decreased interpedicular dis- 
tances of the thoracic vertebrae, and hand 
findings typical of Alagille’s syndrome 
(short ulnae, short scaphoids, and short 
distal phalanges). 

The ophthalmologic examination re- 
vealed normal vision, mild hypertelorism, 
and Axenfeld’s anomaly, findings consis- 
tent with Alagille’s syndrome. There was 
no evidence of pigmentary retinopathy. 


COMMENT 


Arteriohepatic dysplasia (Alagille’s 
syndrome) is a familial disorder with 
five major features: peculiar facies, 
chronic cholestasis, posterior embry- 
otoxon, butterfly vertebral arch 
defects, and peripheral pulmonary 
artery hypoplasia or stenosis, either 
isolated or associated with complex 
cardiovascular abnormalities.’ The 
characteristic facies (ie, deep-set eyes, 
mild hypertelorism, overhanging 
forehead, straight nose, and small 
pointed chin?) were present in our 
patient (Fig 1). Chronic cholestasis 
was evidenced in this patient by a 
lifelong history of pruritus, marginal- 
ly functional liver enzyme levels, and 
hypercholesterolemia. The butterfly 


The views expressed in this article are those of 
the authors and do not reflect the official policy 
or position of the Department of the Army, the 
Department of Defense, or the US government. 


Fig 2.—Failure of fusion of the anterior arches 
of T- 10 (“‘butterfly’’ deformity) with decreased 
interpedicular distances of the thoracic verte- 
brae (arrow). 
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vertebral defect results from failure 
of fusion of the anterior arches of one 
or more of the dorsal vertebrae. This 
finding and the less commonly associ- 
ated finding of narrow interpedicular 
distance are shown in Fig 2. This 
patient displayed no clinieal or echo- 
cardiographic evidence of pulmonic 
stenosis. 

The most common ocular finding 
associated with Alagille’s syndrome is 
posterior embryotoxon. It affects up 
to 88% of the patients who have this 
syndrome,? and only 8% to 15% of 
the normal population.’ Our patient 
not only had posterior embryotoxon 
but also had Axenfeld’s anomaly (Figs 


3 and 4). This finding was first re- 
ported by Riely and associates‘ in 1979 
and was also noted by Romanchuk 
and colleagues? in 1981. Another fre- 
quently associated ocular finding is 
pigmentary retinopathy,” which was 
not found in our patient. 


CPT WILLIAM R. RAYMoNp, MC, USA 
COL Joun J. KEARNEY, MC, USA 
CPT VERNON C. PARMLEY, MC, USA 
San Francisco, Calif 
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Fig 1.—Frontal (left) and profile (right) views of our patient show the typical triangular facies 
associated with Alagille's syndrome (ie, deep-set eyes, mild hypertelorism, overhanging 


forehead, straight nose, and pointed chin). 


Fig 3.—Prominent Schwalbe's line (posterior 
embryotoxon). 





Fig 4.—lris strands to Schwalbe's line indi- 
cate Axenfeld's anomaly. 
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l € To avoid the complications associ- 

ated with anterior chamber intraocular 
lenses (IOLs), we have developed a tech- 
. nique for the implantation of a posterior 
. chamber IOL in the absence of capsular 
. Support. The IOL is secured in the ciliary 
. sulcus by suturing the haptics to the 
- sclera at the ciliary sulcus inferiorly and 
to the sclera or iris superiorly. We have 
used this technique for secondary IOL 
implantation in 16 contact lens-intolerant 
patients with aphakia with a mean follow- 
up of 9 months (range, 5 to 20 months) 
and in eight eyes at the time of IOL 
_ removal. All eyes with secondary implants 
had equal or improved vision postopera- 
_ tively; none developed persistent angio- 
- graphic cystoid macular edema. in the 8 
[n patients with IOL exchange, visual acuity 
improved in five eyes, remained the same 
. in two, and decreased two lines in one. 
_ Suturing of an IOL in the ciliary sulcus has 
< enabled us to use a posterior chamber IOL 
-in eyes without a posterior capsule when 
secondary IOL implantation or OL 
_ exchange is indicated. Secondary poste- 
-rior chamber IOL implantation is recom- 
“mended only when satisfactory vision 
annot be achieved with glasses or con- 
act lenses, and further follow-up is 
weeded before this procedure can be 
ridely recommended. 
(Arch Ophthalmol. 
1083) 
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in the Absence of Capsular Support 


Walter J. Stark, MD; John D. Gottsch, MD; Daniel F. Goodman, MD; Gerri L. Goodman, MD; Kimberly Pratzer, COT 


Anterior chamber intraocular lenses 

(IOLs), especially the closed-loop 
type, are known to cause a higher rate 
of ocular complications such as corne- 
al edema, uveitis, glaucoma, and mac- 
ular edema than posterior chamber 
IOLs.''? Therefore, we have attempted 
to avoid using anterior chamber IOLs 
for secondary lens implantation or 
when an IOL exchange is necessary. 
In 1986, Malbran and associates! 


———— ÀMÀÀMÀ€ 
See also p 954. 
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described a technique for scleral fixa- 
tion of a posterior chamber IOL at the 
time of keratoplasty by placing need- 
les through the ciliary suleus. We 
modified their keratoplasty  tech- 
niques to permit us to insert and 
secure a posterior chamber lens 
through a limbal incision in eyes that 
had no capsular support or whose 
capsule was inadvertently ruptured 
during extracapsular cataract extrac- 
tion. We reported our preliminary 
results of this technique 1 year ago." 
Since then, Hu and associates! and 
Spigelman and associates“ have 
reported similar methods for implan- 
tation of a posterior chamber lens in 
the absence of capsular support. We 
present our current technique and 
results for secondary posterior cham- 
ber lens implantation in eyes without 
capsular support and present the use 
of this technique to manage selected 
complications when IOL exchange is 
indicated. 


MATERIALS AND METHODS 
Áfter retrobulbar anesthesia, a Honan 


pressure cuff is used for 20 to 30 minütesto - 


reduce vitreous volume. Superior and infe- 
rior rectus stay sutures are placed. A 7-mm 





Posterior Chamber Intraocular Lens Implantation 


superior fornix-based conjunctival perito- 
my and a 3-mm inferior fornix-based perit- 
omy are performed. Hemostasis is 
achieved with bipolar cautery. A Ziegler 
knife incision is made through the posteri- 
or aspect of the limbus superiorly, and the 
anterior chamber fluid is exchanged with 
sodium hyaluronate to push the vitreous 
posteriorly. If possible, a vitrectomy is 
avoided at this stage: otherwise, the eye 
tends to collapse. The incision is enlarged © 
to 7 mm, and a posterior chamber IOL 
(UI528, Pharmacia Intermedies Ophthal- 
mies, Pasadena, Calif) with a 7-mm optic, 
polypropylene haptie and no positioning 
hole is used. We prefer a “C” loop rather 
than a “J” loop IOL because there may be 
less tendency for a C loop to tilt. A 20-em, 
double-armed 10-0 polypropylene (Prolene) 
suture on a CIF-4 needle!*'5 (product code 
188G, Ethicon Inc, Somerville, NJ) is eut in 
half and the free end tied around the 
inferior IOL haptic. To avoid pulling the 
suture from the haptic, the tip of the 
haptic is beaded with a disposable cau- 
tery.” The needle holder is used to pass the 
CIF needle through the corneoscleral inci- 
sion superiorly, through the pupil, behind 
the iris inferiorly, and out through the 
ciliary suleus, exiting through the sclera 2 
mm posterior to the limbus ( Fig 1). 

The inferior loop of the IOL is inserted 
through the limbal incision and through 
the pupil into the retro-iris space inferior- 
ly, as the exteriorized inferior polypropyl- 
ene suture is gently pulled with tying 
forceps (McPherson). This directs the infe- 
rior IOL loop into the ciliary sulcus (Fig 


* 








Fig 1.—Insertion of a posterior chamber intraocular lens. The vitreous Fig 2.—Fixation of the posterior chamber intraocular lens in the ciliary 


is forced posteriorly with sodium hyaluronate. A CIF needle with a sulcus. The intraocular lens is fixated inferiorly using a scleral suture 
polypropylene suture tied to the inferior intraocular lens loop is passed and superiorly using an iris suture (inset, top left) or a scleral suture 
through a corneoscleral incision superiorly, through the pupil, behind (inset, top right). 


the iris inferiorly, and out through the ciliary sulcus. 





y 

T 
Fig 3.—Removal of a closed-loop anterior chamber intraocular lens with loops in the ciliary body. Left, 
Angled scissors are used to cut the inferior haptic near the base of the iris. Center, Wescott scissors are 
used to sever the arm of the superior haptic. Right, The optic is grasped with intraocular lens forceps, and 
the implant is pulled through the superior opening. 

T. Fig 4.—A Sinskey hook is used to remove the subluxed posterior 

chamber intraocular lens. 
LO 
a 
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haptic is then directed toward the ciliary 
suleus and released. The superior polypro- 
pylene sutures are passed through the 
superior iris peripherally and tied. If there 
is inadequate or previously damaged iris 
tissue superiorly, or, if one prefers, the 
needles are placed through the ciliary sul- 
cus and out through the sclera 2 mm 
posterior to the limbus (Fig 2). 

Acetylcholine is injected into the anteri- 
or chamber, and three 10-0 nylon sutures 
are used to close the corneoscleral wound 
superiorly. The chamber is re-formed, and 
the inferior polypropylene suture on the 
CIF needle is regrasped and a superficial 
scleral bite is directed posteriorly toward 
the inferior rectus muscle. The suture is 
then tied on itself, with the knot placed 
about 10 mm posterior to the limbus, 
thereby preventing suture knot exposure. 

A mechanical vitrectomy is performed 
through the superior limbal incision to 
remove any vitreous that remains in front 
of the intraocular lens. The chamber is 
re-formed with balanced salt solution, and 
the wound is closed with 10-0 nylon 
sutures. The conjunctival incisions are 
closed with cautery, and subconjunctival 
antibiotics and corticosteroid injections 
are administered inferiorly. 

When a closed-loop anterior chamber 
IOL is to be removed, the IOL loops must 
be cut to create an open-loop lens if these 
loops have eroded into the ciliary body." 
After the anterior chamber is filled with 
sodium hyaluronate, the inferior IOL loop 
is cut with scissors (Grieshaber and Co, 
Langhorne, Pa, Sutherland Vertical Scis- 
sors, product code 236106, or Storz Instru- 
ment Co Rappazzo Scissors, product code 
E-1961-A, St Louis, Mo). The superior loop 
is cut with Wescott scissors, and the IOL is 
removed (Fig 3). Posteriorly subluxed 
pupillary-supported or posterior chamber 
IOLs can be brought forward by a pars 
plana vitrectomy approach, but often these 
lenses are partially fixated in remaining 
capsule anteriorly. The lens optic can be 
grasped with IOL forceps, or a (Sinskey) 
hook can be placed posterior to the IOL, 
into the needle positioning hole or the 
optic-haptic junction, and the lens can be 
rotated into the anterior chamber and out 
through the limbal incision (Fig 4). When 
an IOL exchange is indicated, a posterior 
chamber IOL can then be inserted and 
secured as described above. 


RESULTS 


Twenty-four eyes of 23 patients 
underwent secondary posterior cham- 
ber lens implantation after intracap- 
sular cataract extraction (16 eyes) or 
at the time of anterior chamber IOL (6 
eyes) or posterior chamber IOL (2 
eyes) removal. The mean age of the 
patients was 70 years (range, 50 to 86 
years). 


Secondary Posterior Chamber IOL 
Implantation 


Sixteen aphakic eyes of 15 patients 
unable to tolerate contact lenses and/ 
or aphakic spectacles underwent sec- 
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Angiographic CME 


——— 
Case No./ Pre- Post- 
Age, y/Sex operative 


1/60/M 


sign, no. 
tCases 8 and 9 are two eyes from one patient. 


ondary posterior chamber lens im- 
plantation with superior and inferior 
IOL fixation (Table 1). All eyes had 
previously undergone intracapsular 
cataract extraction, and no lens cap- 
sule remained. At the completion of 
lens implantation, vitreous remained 
anterior to the IOL in eight eyes, 
necessitating an anterior vitrectomy. 
Postoperatively, no eyes had vitreous 
to the wound. The mean follow-up of 
the 16 eyes was 9 months (range, 5 to 
20 months). Following secondary IOL 
implantation, all eyes had equal or 
better visual acuity. There were no 
operative or significant postoperative 
ocular complications. No eyes had 
postoperative retinal detachment de- 
velop. The first patient had mild con- 
junctival irritation develop from the 
knot of the inferior polypropylene 
suture. This was relieved by shrinking 
the cut ends of the suture using the 
argon laser. No eyes had tilting of the 
IOL and no eyes had clinically signifi- 
cant cystoid macular edema (CME) or 
persistent angiographic CME develop. 
Eleven of the 16 eyes had preoperative 
fluorescein angiography. None of the 
eyes had macular leakage preopera- 
tively, but one patient (case 4) had a 
history of CME. Postoperatively, fluo- 
rescein angiography was performed in 
14 of the 16 eyes between 3 and 6 
months after surgery. The patient 
(case 4) with a history of macular 
edema demonstrated mild fluorescein 
leakage in the macular area at 3 
months but not at 4 months after 
surgery. Visual acuity in that patient 


Table 1.—Results of Secondary Posterior Chamber IOL Insertion in 
Eyes With No Remaining Posterior Lens Capsule * 


Visual Acuity 


operative Preoperative 
20/20 


ET 
Iji 
M 

o 

— 

N 

T 
t d 
o |o 
















Anterior Follow-up, 
Vitrectomy mo 










Postoperative 
20/20 


2/64/M 20/20 
— (4 mo) 

5/54/M = N/O 20/20 20/15 T 6 
6/71/M N/O = 20/25 20/20 — 12 
7/74/M ~ N/O 20/40 20/20 + 7 
8t /68/F N/O -— 20/20 20/20 -— 7 
9t/68/F — — 20/30 20/20 + 18 
10/50/M N/O -— 20/20 20/15 - 6 
11/86/F = € 20/25 20/20 T 12 
12/74/F N/O = 20/30 20/20 -- 6 
13/73/M N/O - 20/20 20/15 - 20 
14/80/M n - 20/20 20/20 + 7 
15/75/F -e - 20/40 20/40 + 6 
16/72/F -= = 20/25 20/25 ú 8 


*IOL indicates intraocular lens; CME, cystoid macular edema; N/O, not obtained; plus sign, yes; and minus 


remained at 20/15. Two patients 
refused fluorescein angiography post- 
operatively; these two patients had no 
clinical evidence of postoperative 
CME and both had 20/20 or better 
correctable visual acuity. 


IOL Removal and Secondary Posterior 
Chamber Lens Implantation 


Eight eyes of eight patients under- 
went removal of an anterior chamber 
(six eyes) or posterior chamber (two 
eyes) IOL for chronic CME, ocular 
pain and irritation, or IOL subluxa- 
tion, with secondary posterior cham- 
ber IOL implantation using scleral 
fixation inferiorly and iris or scleral 
fixation superiorly (Table 2). The 
mean duration of ocular problems 
before IOL exchange surgery was 16 
months (range, 8 to 24 months). An 
anterior vitrectomy was performed in 
six of the eyes. The mean follow-up 
after surgery was 9 months (range, 5 
to 13 months). All patients experi- 
enced improvement in visual acuity or 
symptomatic improvement following 
IOL exchange surgery (Table 3). Of 
the three eyes with pain and CME as 
an indication for lens exchange, pairf 
was relieved in all three, and the CME 
improved in two of the three eyes. In 
one additional eye with pain as an 
indication for surgery, the pain was 
relieved; in two additional eyes with 
CME, the edema improved awith 
improvement.in visual acuity. The two 
eyes with posterior chamber IOL sub- 
luxation as the indication for IOL 
exchange surgery (cases 23 and 24) 


Intraocular Lens—Stark et al 








Table 2.— Results in IOL Exchange Group: Removal of Anterior or Posterior Chamber IOL and Insertion 
of Secondary Posterior Chamber IOL * 


Duration 
of Angiographic 
Problems Clinically CME Visual Acuity 
Significant ————— —— An- 
CME Pre- Post- Pre- Post- terior 
Preoper- oper- oper- oper- oper- Vitrec- 
ative tomy 


Case 
No. / 
Age, y/ 


Indications Type of 
for IOL IOL Follow- 


up, mo 


Exchange, 
Comments 


^ 


Subluxed 
IOL, 
unstable 
vision, 
and CME 


23/81/F 


Subluxed 
IOL and 
unstable 
vision 


24/64/M 


*IOL indicates intraocular lens; CME, cystoid macular edema; AC, anterior chamber; N/ 


no. 


seemed to have had inadvertent 
removal of the capsular bag when the 
initial cataract surgery was per- 
formed. The lack of capsular support 
was not recognized by the surgeon 
until after surgery. Both eyes had 
progressive subluxation of the IOL 
with unstable visual acuity. Stability 
of vision improved postoperatively in 
both patients, but in one eye visual 
acuity decreased by two lines because 
of hemorrhage from the superior lim- 
bal incision (not the scleral suture 
placement). No other operative or 
postoperative complications occurred. 
In three of the four eyes (cases 18, 19, 
and 22) with significant improvement 
in visual acuity, a reduction in the 
amount of macular edema was demon- 
strated by fluorescein angiography 
(Figs 5 and 6). 


COMMENT 


Clinical studies have indicated that 
a posterior chamber IOL is better 
tolerated than an anterior chamber 
lens.!*"9 In addition, secondary ante- 
rior chamber IOL implantation has 
been associated with a 6% to 10% 
chance of postoperative reduction in 
visual acuity.’ Surgical alternatives to 
secondary IOL implantation have not 
gained wide acceptance. Recently, the 
Fogg and Drug Administration, Oph- 
thalmic Devices Panel, recommended 
that epikeratophakia be approved for 
adult aphakia as a last resort for 
patients who are unsuitable for con- 
tact lens wear, are unable to achieve 
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N/O N/O 20/60 


satisfactory visual correction with 
spectacles, and are medically unsuit- 
able for secondary IOL implant.” 
Therefore, to avoid the complications 
associated with anterior chamber 
IOLs, we and others have attempted 
to use posterior chamber IOL inser- 
tion for patients in whom an anterior 
chamber IOL may have been used 
previously. 

Our technique for secondary poste- 
rior chamber IOL implantation in 
eyes with no posterior capsule is a 
modification of that described by Mal- 
bran and associates! in 1986 for sec- 
ondary IOL implantation at the time 
of penetrating keratoplasty. Malbran 
et al used lens guide sutures for fixa- 
tion of an anterior chamber or poste- 
rior chamber IOL in aphakic patients 
undergoing penetrating keratoplasty, 
but they did not report any cases. We 
have modified this technique to per- 
mit limbal insertion of a posterior 
chamber IOL into the posterior cham- 
ber of eyes with no capsular support. 
We use the CIF needle, which we have 
previously described,'*"* to provide cil- 
iary sulcus fixation of the IOL inferi- 
orly and a specially designed short 
polypropylene suture to permit iris or 
scleral fixation of the IOL superior- 
ly. 

We have encountered no significant 
complications in the first 24 eyes that 
have undergone this procedure (16 as 
secondary lens implants after intra- 
capsular cataract extraction and 8 as 
posterior chamber implants at the 


20/30 


O, not obtained; PC, posterior chamber; plus sign, yes; and minus sign, 





decreased 2 
lines; bleeding 
from superior 
corneoscleral 
incision 

Vision stable 





Table 3.—Visual and Symptomatic 
Improvement in IOL Exchange Group* 


No. Results 
Indication of  L————————— 
for Surgery Eyes Improved Same Worse 


Pain and CME 
Pain 
CME 
Pain 
CME 
Unstable 
vision 
*IOL indicates intraocular lens; CME, cystoid 
macular edema. 


tOne eye had improvement in stability of vision 
but visual acuity decreased two lines. 


time of anterior chamber or posterior 
chamber IOL removal). Combining 
our 24 cases with the 6 cases reported 
by Hu and associates” and the 7 cases 
reported by Spigelman and asso- 
ciates™ gives a total of 37 reported 
cases of secondary posterior chamber 
lens implantation in eyes with no 
remaining capsule, through a limbal 
incision, without significant intraocu- 
lar complications. We initially were 
concerned that the transscleral suture 
might be associated with a higher rate 
of bleeding, but this has not been a 
problem. Therefore, we are less con- 
cerned about placing the superior 
suture through the sclera, as de- 
scribed by Hu and associates, when 
the superior iris is abnormal or miss- 
ing. We have no reservations about 
putting the superior suture through 
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Fig 5.— Case 18. Left, A preoperative fluorescein an 





giogram (14 minutes after injection) showing diffuse 


macular edema. Right, A postoperative fluorescein angiogram (14 minutes after injection) showing less 
r intraocular lens exchange surgery. Visual acuity 


macular edema and less disc leakage 4 months afte 


improved from 20/200 to 20/30. 





Fig 6.—Case 19. Left, A preoperative fluorescein an 
macular edema. Right, A postoperative fluorescein an 
edema but less foveal leakage 3 months after intrao 


from 20/300 to 20/50. 


the peripheral aspect of a healthy iris 
and do not believe that this aggra- 
vates or causes macular edema. We 
continue to use a similar technique at 
the time of keratoplasty and IOL 
exchange by placing the polypropyl- 
ene sutures through the peripheral 
holes in the IOL optic and through the 
midperipheral iris? More than 50 
such procedures of iris-sutured poste- 
rior chamber IOL placement at the 
time of keratoplasty and anterior 
chamber IOL removal have been per- 
formed with no lens-related complica- 
tions.?? Many of these patients with 
a history of macular edema and 
reduced vision prior to development of 
corneal edema have had better than 
expected postoperative visual recov- 
ery. Thus, we do not believe that 
suturing the posterior chamber IOL 
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haptic to the peripheral iris superior- 
ly will aggravate or cause macular 
edema. 

In the past we have been reluctant 
to remove anterior chamber IOLs that 
were causing pain and tenderness or 
chronic CME because most patients 
were worried about the need to use a 
contact lens for aphakic correction. In 
addition, we were concerned that most 
anterior chamber IOLs would eventu- 
ally cause ocular problems, and we did 
not want to exchange one IOL prob- 
lem for another. We do not know the 
optimal timing for removal of an 
anterior chamber IOL. However, if 
patients have progressive increase in 
corneal thickness or endothelial cell 
loss, recurrent CME, severe pain, or 
early peripheral corneal decompensa- 
tion associated with an anterior 





giogram (10 minutes after injection) showing diffuse 
giogram (11 minutes after injection) showing macular 
cular lens exchange surgery. Visual acuity improved 


chamber IOL, we now consider remov- 
ing that lens and exchanging it for a 
sutured posterior chamber IOL. The 
follow-up is too limited to determine 
whether we have permanently bene- 
fited the first eight eyes so treated, 
but all patients have had improve- 
ment in visual acuity or symptomatic 
relief of ocular discomfort. 

The ability to fixate a posterior 
chamber IOL superiorly and inferior- 
ly in any eye has also encouraged us to 
manage surgically other selected pos- 
terior chamber IOL problems. We are 
now more confident in attempting to 
recenter subluxed or decentered pos- 
terior chamber IOLs when patits 
complain of severe edge glare from 
the IOL. The loops of the posterior 
chamber IOL are dialed out of the 
capsular bag, if present, and into the 
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er or if it subluxes further, it can 
'emoved and another posterior 
amber lens inserted using the scler- 

nd iris suture fixation technique 
scribed in this report. In the two 
tients with primary posterior 
hamber IOLs (cases 23 and 24) pre- 
ited herein, the lens capsule was 
advertently removed at the time of 
tracapsular cataract extraction. 
is was not apparent to the surgeon, 
ind the IOL began to sink inferiorly 
fter surgery. The vision in these two 
“patients was reasonably good prior to 
-JOL exchange but was unstable 
` because the edge of the IOL was float- 
ing in the pupillary space. We have 
managed several other cases of poste- 
rior chamber IOL complications, 
neluding exchange of decentered 
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sulcus. If the IOL does not. 


lenses or lenses severely damaged by 
YAG laser capsulotomy, using only 
the superior iris suture for IOL 
exchange as we have previously 
described. These cases are not re- 
ported herein since the remaining 
capsular support made the inferior 
transscleral suture for IOL fixation 
unnecessary. 

Early postoperative results in 
patients with ciliary sulcus-fixated 
posterior chamber IOLs inserted as a 
secondary procedure after intracapsu- 
lar cataract extraction or posterior 
eapsular rupture" are most encourag- 
ing. Also, the ability to use a posterior 
chamber lens in an eye without a 
posterior capsule has enabled us to 
manage selected anterior chamber 
and posterior chamber lens complica- 
tions when IOL exchange is indicated. 
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- * Because the effect of local anesthe- 
sia from a retrobulbar injection diminishes 
with time, local anesthesia during pro- 
longed retinal surgery may be difficult. A 
simple, safe, and effective technique for 
administration of supplemental intraoper- 
ative local anesthesia during retinal de- 
:. tachment surgery is described. After a 
- limbalperitomy is performed and the quad- 
i rants are dissected bluntly, a 19-gauge ir- 
7 rigating cannula is passed posterior to the 

. globe to irrigate the recti muscles and the 
-retrobulbar space with 4% lidocaine hy- 

. drochloride. Using this technique, even 

. prolonged vitreoretinal surgery can be 

< performed using local anesthesia with 

' minimal patient discomfort. 

. (Arch Ophthalmol. 1989;107:1084) 


Loca! anesthesia is generally re- 
a garded as preferable to general 
anesthesia for many ocular surgical 
procedures. During long procedures, 
Such as scleral buckling operations or 
pars plana vitrectomies, the effect of 
the retrobulbar anesthetic diminishes 
-with time, causing patient discomfort 
-and surgeon stress. Intravenous seda- 
tion may help but will not relieve the 
‘local ocular pain caused by surgical 
instrumentation. Longer-acting anes- 
thetie agents such as bupivacaine hy- 
-drochloride have reduced, but have not 
eliminated, this problem. Repeated 
retrobulbar injection through the 
lower eyelid is eumbersome while the 
patient is draped and may result in ac- 
€idental perforation of the globe or 
Other complications such as optie 
erve injury.'? Therefore, most retinal 
urgery is performed with the use of 
eneral anesthesia. 
The technique described in this ar- 
cle allows direct intraoperative aug- 
ientation of the local anesthesia dur- 
ing prolonged ocular surgery. Assisted 
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Retinal Detachment Surgery 
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Fig 1.— Blunt 19-gauge cannula used for in- 
traoperative injection of lidocaine hydrochlo- 
ride. 





ER 4 4 


Fig 2.—Biunt 19-gauge cannula is passed 
along the sclera into the retrobulbar space. 


by intravenous sedation and anesthe- 
sia standby, this approach allows for 
continued painless surgery for as long 
as necessary. 


TECHNIQUE 


A standard retrobulbar block using a 
mixture of 4% lidocaine hydrochloride 
without epinephrine and 0.75% bupi- 
vacaine hydrochloride mixed with hyalu- 
ronidase (Wydase) is given. After a 360° 
limbal conjunctival peritomy has been per- 
formed, the quadrants are dissected 


bluntly, and the recti muscles are isolated . 


with 2-0 silk sutures. 

The patient is instructed to inform the 
surgeon if he or she notices any pain during 
the procedure. Four percent lidocaine hy- 
drochloride without epinephrine is avail- 
able for injection into the operative field. 
When the patient alerts the surgeon that he 
or she feels pain, additional anesthetic is 
given. 

Á blunt 19-gauge cannula (Fig 1) is at- 
tached to a 3-mL syringe filled with 4% 
lidocaine hydrochloride. The 19-gauge can- 
nula is the same cannula we use on a bulb 
syringe for corneal irrigation during sur- 


Augmentation of Local Anesthesia During 


gery. Conjunetiva and Tenon's capsule are 
grasped by toothed forceps in one of the 
quadrants. The blunt cannula is directed 
along the sclera posteriorly between the 
recti muscles (Fig 2). The cannula is nudged 
in as far as possible, usually almost to the 
hub. Lidocaine hydrochloride, 1 or 2 mL, is 
injected. This is repeated in all quadrants. 
Some of the lidocaine simply spills out of 
the sub-Tenon's space, but if the cannula is 
placed properly, the globe will come for- 
ward slightly during the injection, indicat- 
ing that the lidocaine is in the retrobulbar 
space. 

The patient will express relief of the pain 
within a short period. This can he tested by 
pulling on the recti muscle sutures. This 
technique may be repeated as needed so 
that prolonged ocular surgery may be per- 
formed with minimal patient discomfort. 
The technique should also be used just be- 
fore conjunctival closure to prevent pain 
during suturing of the conjunctiva. 


COMMENT 


This supplemental technique has 
made local anesthesia with intrave- 
nous sedation our preferred method 
for retinal surgery, including scleral 
buckle and pars plana vitrectomy. The 
possibility of accidental globe perfora- 
tion during the intraoperative injec- 
tion of local anesthesia is eliminated 
by the use of the blunt 19-gauge can- 
nula. 

By making local anesthesia safe and 
effective even for long procedures, this 
technique has allowed us to perform 
selected scleral buckling procedures 
and vitrectomies as outpatient proce- 
dures. We have used this technique on 
several hundred patients without rec- 
ognized complications. No surgical 
procedure that began with loeal anes- 
thesia of this type has required con- 
version to general anesthesia. We 
highly recommend its use for vit- 
reoretinal surgery. 


References 


l. Javitt JC, Addiego R, Friedberg HL, Libonati 
MM, Leahy JJ. Brain stem anesthesia after ret- 
robulbar block. Ophthalmology. 1987;94:718- 
724, l 

2. Ramsay RC, Knobloch WH. Ocular perfora- 
tion following retrobulbar anesthesia for Minal 
detachment surgery. Am J Ophthalmol. 1978:86: 
61-64. 

3. Pautler SE, Grizzard WS, Thompson LN, 
Wing GL. Blindness from retrobulbar injection 
into the optie nerve. Ophthalmic Surg, 1986;17: 
334-331. 





Local Anesthesia —Mein & Flyr 





759 


v 


New Instruments 


An Illuminated Cannula for Viscodelamination 


Edwin H. Ryan, Jr, MD 


è A fiberoptic illuminated infusion can- 
nula for posterior segment surgery allows 
the introduction of viscoelastic sub- 
stances under preretinal membranes in 
diabetics, defining the vascular epicent- 
ers and making scissors delamination 
easier and safer. This technique has been 
most helpful in diabetics who have an 
attached posterior hyaloid. It appears to 
reduce the incidence of posterior breaks. 
We have used this instrument successful- 
ly in 12 patients with diabetes who have 
severe fibrovascular proliferation with or 
without retinal detachment. 

(Arch Ophthalmol 1989;107:1085) 


A ecoclastie substances have made 
possible the development of many 
new techniques in anterior segment 
surgery and appear to have some use- 
fulness in posterior segment surgery.’ 
I have designed a fiberoptic illumi- 
nated infusion cannula that can be 
used for the application of viscoelas- 
tics or irrigating solutions to the pos- 
terior segment. This has been useful 
for delamination of vascularized pre- 
retinal tissue in diabetic patients, 
particularly those with an attached 
posterior hyaloid. 

The instrument consists of a stan- 
dard 20-gauge fiberoptic light pipe 
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Fig 1.—Light pipe with 30-gauge cannula brazed to its side, showing 
relationship of cannula to illuminating element. 





with a 30-gauge cannula brazed to its 
outer surface. This instrument can be 
passed readily through a 19-gauge 
sclerotomy. The infusion cannula runs 
parallel and external to the light pipe, 
extending beyond it for 1 mm, then 
makes a 120° angulation tangential to 
the barrel of the light pipe (Fig 1). 
This angulation allows the infusion 
cannula to be placed under preretinal 
membranes while the light pipe pro- 
vides illumination (Fig 2). There is 
minimal shadowing effect from the 
cannula. The cannula is connected to 
silicone tubing at the base of the light 
pipe, which extends for 10 cm to a 
luer-lock tip. 

This instrument is similar in design 
to the fiberoptic diathermy tissue 
manipulator designed by McCuen and 
Hickingbotham.? Because the cannula 
runs external to the light pipe, there 
is better illumination and less 
shadowing with this new design. By 
connecting the instrument to wires, 
bimanual bipolar cautery can be more 
precisely applied using the small tip 
of the infusion cannula with a vitreor- 
etinal pick or scissors. Additionally, 
the angulation of the cannula allows 
placement of viscoelastic substances 
directly under the tissues to be dis- 
sected. We have used the instrument 
in a semidisposable manner, irrigat- 
ing the cannula with saline prior to 
gas sterilization. 

While most vitreous surgery can be 
performed with unimanual tech- 
niques or with an illuminated mem- 
brane pick, we have seen several situ- 
ations where this instrument is use- 
ful. This infusion cannula has been 


used in 12 cases of proliferative dia- 
betic retinopathy and two cases of 
premacular fibroplasia. To prevent 
traction on the vitreous, the instru- 
ment is used after the central vitreous 
is excised with standard light pipe 
illumination. As preretinal mem- 
branes are dissected, the cannula is 
placed under the edge of the epiretinal 
tissue and the assistant gently infuses 
viscoelastic to elevate the tissue. This 
helps to define vascular epicenters for 
both bipolar cautery and scissors dis- 
section. The viscoelastic can be used to 
push tissue in whatever direction that 
best presents it to the scissors, greatly 
facilitating bimanual surgical tech- 
niques in difficult cases. We have also 
used this instrument for the infusion 
of irrigating solution under the retina 
to aid in the evacuation of a submacu- 
lar hemorrhage in two cases, and to 
assist in delamination of anterior loop 
traction in one case of proliferative 
vitreoretinopathy. No complications 
attributable to this instrument have 
been seen. 


The author has a financial interest in the sale 
of this instrument. 

This instrument became commercially avail- 
able in December 1988 from Advanced Surgical 
Products Ine, 744 Goddard St, Chesterfield, MO 
63017. 
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Fig 2.— Viscoelastic substances can be used to elevate and define 
vascular epicenters, thus allowing easier dissection. 
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Illuminated Retinal Picks for Vitreous Surgery 


George A. Williams, MD; Gary W. Abrams, MD; William F. Mieler, MD 


@ We developed a new illuminated dis- 
posable retinal pick system for use in 
vitreoretinal surgery. These instruments 
facilitate bimanual dissection of prolifera- 
tive tissue while allowing ocular endoillu- 
mination. We have found these instru- 
ments to be helpful in the management of 
complicated retinal detachment due to 
proliferative diabetic retinopathy or prolif- 
erative vitreoretinopathy. 

(Arch Ophthalmol 1989; 107: 1086) 


V itrectomy with membrane dissec- 

tion is an effective technique for 
the treatment of complex retinal 
detachments with proliferative mem- 
branes. Recent advances in vitreoreti- 
nal surgical techniques have stressed 
the value of aggressive dissection in 
an effort to remove as much prolifera- 
tive tissue as possible.?^ Maximum 
removal of proliferative tissue is 
enhanced with a bimanual surgical 
approach. We have developed an illu- 
minated retinal pick system that 
facilitates bimanual membrane dis- 
section. This instrument allows the 
surgeon to manipulate tissues such as 
the posterior hyaloid and retina dur- 
ing membrane dissection. 


INSTRUMENTATION 


The disposable instrument consists of a 
quartz fiberoptic, 0.76 mm in diameter, 
that is passed through a molded nylon 
handle and into a 20-gauge metallic sleeve. 
Adapters are available to couple the fi- 
beroptic to most commercially available 
light sources. A 3.8-mm extension of the 
metallic sleeve beyond the end of the fi- 
beroptic is shaped into the four configura- 
tions shown in the Figure: hook, straight 
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pick, 30° angled pick, and 45? angled 
pick. 


COMMENT 


These instruments are a modifica- 
tion of previously described illumi- 
nated retinal picks? The advantages 
of these instruments are an improved 
fiberoptic that allows better illumina- 
tion, the ability to use these instru- 
ments with most commercially avail- 
able endoillumination sources, and 
the variability in the instrument con- 
figuration, which gives the surgeon 
added flexibility. 

We have used these retinal picks in 
over 200 vitrectomy cases for compli- 
cated retinal detachment. The angled 
configurations are helpful during en 
bloc dissection of diabetic fibrovascu- 
lar membranes because they allow an 
elevation of the posterior hyaloid and 
fibrovascular membranes during 
membrane excision. This facilitates 
the identification of epicenters and 
minimizes formation of retinal 
breaks. The picks can also be used as a 
blunt dissector to lyse adhesions by 
moving them horizontally between 
the retina and fibrovascular mem- 
branes. 

The picks are also useful for manip- 
ulating membranes in proliferative 
vitreoretinopathy. They can be used to 
engage epiretinal membranes or to 
apply countertraction, which facili- 
tates membrane removal with the use 
of intraocular forceps and/or scissors. 
This technique is particularly helpful 
when dissecting membranes in the 
region of the vitreous base, which is 
found in anterior proliferative vi- 
treoretinopathy.’ The pick can also be 
used to engage and strip epiretinal 
membranes or clotted blood off of the 
retinal surface. 

Due to the malleable nature of the 
retinal picks, the tip configuration 
may be adjusted by bending gently. 
This provides added flexibility in 
addressing vitreoretinal abnormali- 






Available configurations of illuminated retinal 
picks: top left, hook; top right, straight; bottom 
left, 30? angle; bottom right, 45? angle. 


ties. Although the tip of the instru- 
ment casts a small shadow on the 
retinal surface, this does not signifi- 
cantly compromise illumination. We 
have found that bending the proximal 
portion of the tip approximately 20? 
to 30* away from the longitudinal axis 
of the metallic sleeve minimizes reti- 
nal shadowing while allowing effec- 
tive tissue manipulation. 


The retinal picks are available from Trek 
Medical Products, PO Box B, 820 Swan Dr, Mu- 
kwonago, WI 53149. e 

The authors have no financial interest in this 
instrumentation. 
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penter, CMEs Coord, 1355 San Pablo St, Los 
Angeles, CA 90033; (213)224-5580 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J. W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford, CA 
94305 





DISTRICT OF COLUMBIA 


Armed Forces Inst of Pathology & Am Registry of 
Pathology Ann Courses At: Washington, DC 
Dates: 8/26/89 to 8/27/89 Contact: Exec Dir, 
Am Registry of Pathology, Armed Forces Inst 
of Pathology, Washington, DC 20306-6000 


FLORIDA 


Ocular Trauma & Emergency, Malpractice Avoid- 
ance, & Medicare Reimbursement At: Panama 
City Dates: 8/9/89 to 8/13/89 Contact: Ala- 
bama Acad of Ophthalmol, Ann Mtg Informa- 
tion, Box 11252, Birmingham, AL 35202; 
(205 )322-3084 


THE ARMED FORCES INSTITUTE OF PATHOLOGY 


AND 


HAWAII 


Symp on Lipofuscin & Ceroid Pigments At: Ho- 
nolulu Dates: 8/20/89 to 8/23/89 Contact: EA 
Porta, MD, Dept of Pathology, Univ of Hawaii, 
1960 E-W Rd, Honolulu, HI 96822; (808)948-8845 


Glaucoma, Pediatric Ophthalmology, & Neuro- 
Ophthalmology At: Kamuela Dates: 8/5/89 to 
8/12/89 Hrs Instr: 28.5 Contact: B. J. Johnson, 
USC Sch of Med, 1975 Zonal Ave, KAM 814, Los 
Angeles, CA 90033; (213)224-7051 


ILLINOIS 


Eye Trauma Symp At: Chicago Dates: 7/ 22/89 Hrs 
Instr: 7 Reg Fee: $150 ($75, in training) Con- 
tact: C. M. Brod, Prog Coord, UIC Eye Ctr, 1855 
W Taylor St, Chicago, IL 60612; (312)996-4747 


Ophthalmol for the 90s At: Chicago Dates: 9/22/ 
89 to 9/23/89 Reg Fee: $300 Contact: Conf 
Registrar, UIC Conf & Inst, M/C 607, Box 6998, 
Chicago, IL 60612; (312)996-5225 


KENTUCKY 


Clinical Advances for the Practicing Ophthalmol- 
ogist At: Louisville Dates: 9/15/89 to 9/16/89 
Contact: Jennifer Sharp, Ctr for Adv Eye Surg, 
Humana Hosp, Lexington, 150 N Eagle Creek 
Dr, Lexington, KY 40509; (606)268-3754 


MAINE 


Fourteenth Ann Sem in Ophthalmol, Vitreoretinal 
Dis & Surg At: Waterville Dates: 1/23/89 to 
1/21/89 Hrs Instr: 18 Contact: R. H. Kany, Colby 
Coll, Waterville, ME 04901; (207)872-3386 








THE AMERICAN REGISTRY OF PATHOLOGY 


ANNOUNCE THEIR ANNUAL COURSES 
1. Anatomy, Histology, and Electron Microscopy of The Eye, Orbit, and 


Ocular Adnexa (Cour 
Tuition $200. 


2. Ophthalmic Pathology for Ophthalmologists 
(Course Director—Lorenz E. Zimmerman, M.D.) AUG 28-SEPT 1, 1989. 


Tuition $450. 





J. Douglas Cameron, M.D. Ramon L. Font, M.D. 


Ralph C. Eagle, M.D. 
Ben S. Fine, M.D. 
Robert Folberg, M.D. 


Registration and correspondence 
Armed Forces Institut 


FACULTY 


Frederick Jakobiec, M.D. 
lan W. McLean, M.D. 
Donald S. Minckler, M.D. 





se Director—Ben S. Fine, M.D.) AUG 26-27, 1989. 










Henry D. Perry, M.D. 

Jerry A. Shields, M.D. 

Charles S. Specht, M.D. 

Lorenz E. Zimmerman, M.D. ~ 








to: Executive Director, American Registry of Pathology, 
e of Pathology, Washington, DC 20306-6000 







Dphthalmology for the 





er information contact: 
lophthalmology for the 90's ir a d 
onferences and Institutes (M/C 6 

rhe University of Illinois at Urago. 





This meeting is designed to comprehen- 
sively update the general practitioner and 


subspecialist. Dedicated sessions will 
cover glaucoma, retinal and vitreous 


diseases and surgery, cornea and external 


diseases, cataract surgery, pediatric 
ophthalmology and strabismus, and 
neuro-ophthalmology. 


Kronfeld Memorial Lecture 
Posterior Chamber IOL Insertion During 
Pars Plana Lensectomy and Vitrectomy 
for Diabetic Retinopathy Complications 
George W. Blankenship, MD 

Penn State College of Medicine 


Henry Memorial Lecture 
Ophthalmology - 1994!! 
Whitney G. Sampson, MD 
Houston, Texas 


NEE September 22-23, 1989 





00's E 


Guest Faculty 


Joseph Caprioli, MD 

Yale University School of Medicine 
James J. Corbett, MD 

University of lowa College of Medicine 
Sherwin J. Isenberg, MD 

Jules Stein Eye Institute 

UCLA School of Medicine 

Jay H. Krachmer, MD 

University of lowa College of Medicine 
Erik A. Lippa, MD, PhD 

Merck Sharp & Dohme 

Research Laboratories 

Michael F. Marmor, MD 

Stanford University Medical Center 
Marguerite B. McDonald, MD, FACS 
Louisiana State University Medical Center 
Robert B. Nussenblatt, MD 

National Institutes of Health 

Narsing A. Rao, MD 

Doheny Eye Institute 


Plus UIC Eye Center Faculty 
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Institute. At: Balti- 



















































3 ena (301 1055-2959 


‘Concepts in Ophthalmology At: Baiti- 
Date: 9/15/89 Contact: Prgm of CME, 655 
altimore St, Baltimore, MD 21202; 


internat! Symp on Ocular Circulation & 
leovascularization At: Baltimore Dates: 9/25/ 
)/28/89 Reg Fee: $425 ($300, in training) 
ct: Off of CME, The Johns Hopkins Med 
nst, Turner Bldg, 720 Rutland Ave, Baltimore, 
AD; (301)955-2959 





MASSACHUSETTS 


| Concepts in Neuroradiology, Head & 
Radiology, & Neuro-MRI At: Boston 
8/89 to 9/22/89 Hrs Instr: 40 Reg Fee: 
combined course); $450 (in training) Con- 
Paula DeLong, Postgrade Educ Coord, 

en Hosp, Boston, MA 02114; (617)726- 


MINNESOTA 


heet's Dis Internati Conf At: Rochester Dates: 
9/14/89 to 9/15/89 Centact: William Nietz, 
CME, Mayo Clinic, Rochester, MN 55905; 
(507)284-2085 


MICHIGAN 


yFist. Ann Summer Conf Michigan Oph- 
logical Soc At: Mackinac Island Dates: 
/89 to 8/13/89 Hrs Instr: 8 Contact: Chris- 
16 A. ‘Jourdain, 412 Eastland Prof Bldg, 
rper Woods, MI 48225 





OHIO 


nn Tilles-Weidenthal Lecture At: Cleve- 
ate: 9/23/89 Hrs Instr: 3 Contact: Daniel 
denthal, MD, Div of Ophthalmol, Saint 
ke’s Hospital, 11311 Shaker Blvd, Cleveland, 
44104; (216)368-7146 


Ann Ophthalmol Conf At: Columbus Date: 
Contact: Grant Med. Ctr, Attn: Violet 
iough, Conf Coord, 111 S Grant Ave, Co- 
bus: ‘Ohio 43215; (614)461-3096 


FOREIGN 


etee: th European Cong of Contactology At: 
nbul, Turkey Dates: 9/28/89 to 10/1/89 
tact: Prof. Dr H. Kandemir, Bagdat Cad 
-Érenkoy 81060, Istanbul, Turkey; 
9709 | 

symp: on Tumors of the Eye At: Essen, 
Dates: 9/20/89 to 9/23/89 Contact: 
Eye Hosp, Hufelandstrasse 55, D 
sen 4, West Germany 








MICHIGAN - 
OPHTHALMOLOGICAL SOCIETY. 
21ST ANNUAL - 
SUMMER CONFERENCE 
THURSDAY — SUNDAY, AUGUST 10 - 13, 1989 
GRAND HOTEL, MACKINAC ISLAND, MICHIGAN 





THEME: “OPHTHALMIC LASERS: 
THE STATE OF THE ART AND NEW TECHNIQUES” 


*AGE-RELATED MACULAR DEGENERATION 
*ANTERIOR SEGMENT/POSTERIOR SEGMENT 
*BASIC OPHTHALMIC LASER PHYSICS 
*DIABETIC RETINOPATHY 
*GLAUCOMA 
*OCULAR TUMORS 
*OPHTHALMIC PLASTIC SURGERY 





SPEAKERS: 

JAY FEDERMAN, M.D., PHILADELPHIA, PENNSYLVANIA 
LEE JAMPOL, M.D., CHICAGO, ILLINOIS 
RICHARD PARRISH Il, M.D., MIAMI, FLORIDA 
LAWRENCE YANNUZZI, MD., NEW YORK, NEW ias 





ee Xxx wk 


HUGH BECKMAN, M.D., DETROIT, MICHIGAN 
MARK BLUMENKRANZ, M D., DETROIT, MICHIGAN 
GEORGE WILLIAMS, M.D., DETROIT, MICHIGAN 





REGISTRATION FEE: 
PHYSICIAN $175.00 
RESIDENT $100.00 
EXHIBITOR $400.00 


FOR FURTHER INFORMATION CONTACT: E 


CHRISTINE A. JOURDAIN 
412 EASTLAND PROFESSIONAL BUILDING 
HARPER WOODS, MI 48225 
(313) 839-3011 


CATEGORY |, 8 HOURS 
PROGRAM DIRECTOR: MARK BLUMENKRANZ 





Gand H Folo 


MACKINAC ISLAND 











MADE 


UNIVERSITY OF MARYLAND 


School of Medicine 
Department of Ophthalmology 



















9th Annual Clinical Conference 
CURRENT CONCEPTS IN OPHTHALMOLOGY 
and thc 
3rd Annual Lois A. Young-Thomas 
Memorial Lecture 


Friday, Scptember 15, 1989 


HYATY REGENCY HOTEL 
On thc Inner Harbor 


Baltimore, Maryland 
Category 1 AMA Credit 


intra-Optic Lens implants Laser Treatment 
Surgical Eye Problems 


| For brochure contact the P 
| W. Baltimore St, Balto, MD 21201 (301) 328-3956. 





of Continuing Education, 
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]. Management of Malignant Intraocular Tumors 
2. Management of Orbital Tumors 

3. Management of Eyelid and Conjunctival Tumóis- ; 
The lecture is free of charge. Application has been made 
to provide three hours of Category 1 CME credit. 
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THE DIVISION OF OPHTHALMOLOGY 
SAINT LUKE'S HOSPITAL 
CLEVELAND, OHIO 
announces the 
FOURTH ANNUAL TILLES-WEIDENTHAL LECTURE 
to be presented by 
JERRY A. SHIELDS, M.D. 
DIRECTOR OF ONCOLOGY 
WILLS EYE HOSPITAL 
8:30 a.m. to 12 noon 
Saturday, September 23, 1989 
Prentiss Auditorium 
Saint Luke's Hospital 
The program will include: 


For further information, contact: 
Daniel T. Weidenthal, M.D. 
Director, Division of Ophthalmology — 
Saint Luke's Hospital | 
11311 Shaker Boulevard 
Cleveland, OH 44104 

216/368-7146 


Doheny Eye Institute 






21* Annual Doheny Meeting 






"Controversies in Ophthalmology" 


September 21, 22, 1989 









Course Director: Ronald E. Smith, M.D. 





Guest Faculty: 








p John W. Chandler, M.D. Ronald G. Michels, M D. 
iy Eye Institute Madison, Wisc. Baltimore, Md. | 
(m David A. Lee, M.D. George L. Spaeth, M.D. 

Los Angeles, Ca. Philadelphia, Pa. 








Doheny Eye Institute Faculty: 
















George Baerveldt, M.D. Jan McDonnell, M.D. 
Mark Borchert, M.D. Peter McDonnell, M.D. 
Steven E. Feldon, M.D. Don S. Minckler, M.D. 
Donald A. Frambach, M.D. A. Linn Murphree, M.D. 
George T. Frangieh , M.D. Richard R. Ober, M.D. 
Ronald Green, M.D. Narsing A. Rao, M.D. 
Dale K. Heuer, M.D. Stephen J. Ryan, M.D. 
John A. Irvine, M.D. Alfredo A. Sadun, M.D., Ph.D. 
John S. Lean, M.D. James Salz, M.D. 

Peter E. Liggett, M.D. Ronald E. Smith, M.D. 
James T. Martone, M.D. Kenneth W. Wright, M.D. 





















Course Content: 
tomy, epikeratophakia, and new intra 
The 21st Annual Doheny Meeting will provide lens styles and surgical techniques. Trea 


an update on controversies in ophthalmology of diabetic retinopathy, age-related m 
today. Clinically oriented discussion ofcurrent degeneration, glaucoma, strabismus, CO 
topics will includeanterior segment and poste- tal cataracts and eye trauma will be disc 
rior segment problems. Special attention will Courses forophthalmic technicians, and 


be given to surgical aspects of cataract and will be held in conjunction with this sl is D 
refractive problems, including radial kerato- Meeting. 





Special Guest Faculty: 


Doheny Lecture: Irvine Lecture: 

"Surgical Management of "Controversies in the Treatment of 
Macular Holes" Viral Keratitis" s 
Ronald G. Michels, M.D. John W. Chandler, M.D. i 


Los Angeles Society of Ophthalmology Lecture: 
"Diagnosis and Management of Patients with Narrow 
and Closed Angle Glaucoma" 

George L. Spaeth, M.D. 










Credit Information; E : : 


Registration Information: 

Practicing Ophthalmologists $375 14 AMA/CMA Cae | 

USC/Doheny Voluntary Faculty & Alumni $187 .. Credit Hours. 
Ophthalmology Fellows & Residents $100  7JCAHPO Credit 


Retired Physicians $100 14 BRN phate "^ 
Ophthalmic Nurses & Technicians $100 Provider Number 06342 E 







Location: Doheny Eye Institute, 1355 San Pablo Street, Los Angeles, California 90033 







Information: Please call or write: -Dave Carpenter, Coordinator CME 
| -1355 San Pablo Street. Los Aneeles: č ahfornia 9nüa PL 










-Four positions 
| Duties and responsibilities: 


Position 1: Research in visual psychophysics and electrophysiology | 


search 

tant Position 2: Research on gene expression of central nervous system, 
sistan especially translational regulation of cell specific expressed genes 
pfessor 
P Position 3 + 4: Research related to eye pathology and macular 
UIC degeneration. Knowledge of eye bank procedures and administration 
E The University "P , , . 
po! llinois Requirements: Doctoral degree in medicine or basic science with 
[ Chen — two or more years of related research experience 


For fullest consideration submit CV by July 21, 1989 to: Ms, Betty Gordon, UIC Eve 
Center (m/c 648). University of lllinois at Chicago, Chicago, Illinois 60617. 
The UIC isan AA/EOE. 
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The Department of Ophthalmology : a 

the University of South Florida Colleg 
of Medicine is seeking a board cert 
fied, fellowship-trained Ocular Pathol 
ogist. The successful candidate will b : 
preferably board certified in patholog 
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ASSOCIATE xw E 
PROFESSOR 
OF OPHTHALMOLOGY 






















and ophthalmology with a strong inter 
est in research and teaching patholog 
and ophthalmology. However, a boar 
certified general pathologist interes 
ed/experienced in ocular pathology w 
be considered. Send curriculum vita 
bibliography and a letter discussi | 
career goals to: 


William E. Layden, M.D., Chairman 
Department of Ophthalmol ogy 
University of South Florida - 
Eye Institute —— 
13131 Magnolia. Drive - 
Tampa, Florida 33612 


Application deadline 9 / 30. /89 
An affirmative action equal opportunity e ue : 








CONTRAINDICATIONS 






components of the medication. 


©- WARNINGS 

steroidal anti-inflammatory drugs, there exists the 
al for increased bleeding due to interference with throm- 
gation. There have been reports that Ocufen may 
leeding of ocular tissue (including hyphemas) in conjunc- 
n. with ocular surgery, 
















rpe lex keratitis. - 
healing may be delayed with the use of Ocufen. 
ended that Ocufen be used with caution in surgical 
ts with known bleeding tendencies or who are receiving 
m dications which may prolong bleeding time. 
ons: Interaction of Ocufen® (flurbiprofen sodium) 
ju sterile ophthalmic solution with other topical 
almic medications has not been fully investigated. 
ough clinical studies with acetylcholine chloride and animal 


studies with acetylcholine chloride or carbachol revealed no inter- 
ference, and there is no known pharmacological basis for an inter- 
iction, there have been reports that acetylcholine chloride and 


irbachol have been ineffective when used in patients treated 
with Ocufen. 


- Carcinogenesis, mutagenesis, impairment of fertility: Long- 
term studies in mice and/or rats have shown no evidence of car- 
.cinogenicity or impairment of fertility with flurbiprofen. 


hg-term mutagenicity studies in animals have not been 
rformed. 


regnancy: 
ancy category C. Flurbiprofen has been shown to be 
ryocidal, delay parturition, prolong gestation, reduce weight, 
and/or slightly retard growth of fetuses when given to rats in daily 
doses of 0.4 mg/kg (approximately 185 times the human daily 
al dose) and above. There are no adequate and well- 
lled studies in pregnant women. Ocufen should be used 
3 pregnancy only if the potential benefit justifies the poten- 
risk to the fetus. 



















others: It is not known whether this drug is excreted 
milk. Because many drugs are excreted in human milk 
of the potential for serious adverse reactions in 
ants from flurbiprofen sodium, a decision should be 
erto discontinue nursing or to discontinue the drug, 
sount the importance of the drug to the mother. 





ediatric use: Safety and effectiveness in children have not been 


_. = ADVERSE REACTIONS 

equent adverse: reactions reported with the use of 

ransient burning and stinging upon instillation and 
mptoms of ocular irritation. 








ARMACEUTICALS 
Irvine, CA 92713 





fen contraindicated in epithelial herpes simplex keratitis 
iritic keratitis) and in individuals who are hypersensitive 












^s Alcon Laboratories seetesarsseactecrrsnveereese COVER 2-041, 979 
Allergan Pharmaceuticals, Inc. ..... 948-949, 957-959, 

: 970-972, 974, 1041-1042, 1045-1046, Hi 
1087-1088, 1091, 1093, 1095, 1096, 

American Registry of Pathology 
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Doheny Eye Foundation 
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Frontiers in Ophthalmology 







Greenwood Publishing 










HGM Medical Lasers Systems, Inc 












IOLAB Corporation —— ——— —Á cen wuss 
IOLAB Pharmaceuticals ............. s anan 
Johns Hopkins Medical Institutions s 
Lombart Instrument sese hh LS uL 
Marco Equipment, Ine. sse 964A -B, 965 





McPherson Associates 
Merck Sharp & Dohme 
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SOOPER ORE PE MOSER HE HERETO REGED 









Ochsner Clinic of Baton Rouge LLL 972 






Permanente Medical Group, Ine. suu 972 









Saint Luke’s Hospital 
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University of Connecticut .................. Seed de E 964 
University of Illinois at Chicago 
University of Maryland 
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Volk Optical 
0 sl "3 e. 9042 
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Yale University : 10 
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While every precaution is taken to ensure accuracy, we cannot 
guarantee against the possibility of an oceqsional change 
or omission tin the preparation of this index, 
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E ; refer to the product information package inser for indications, cáutons, warnings and precautio 5 
| CAUTION: Investigational Device. Limited by iOLAB Corporation, 500 IOLAB Dr. Claremont, CA 91711, 714/624 - 2020: Customer Service -Toll Free 800/255-2500 
Federal Law to investigational use. e 
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helps you 


control thé unexpecte 


Keeping the pupil larger to help reduce the risk 


of serious intraoperative complications. 


Ocuftem 


(flurbiprofen sodium) 0.0396 
Liquifilm' sterile ophthalmic solution 


= ALLERGAN PHARMACEUTICALS 


Please see brief summary of prescribing information on adjacent page. 





